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ABSTRACT

Edge extraction is an image processing technique for definingN-

the edge information in an image. This effort researches different

edging processes as applied to preprocessing for two pattern
recognition processes. The first one is a cross-correlation method

to find a target given that the target' has a known size, orientation,

and aspect. Correlation is performed in the spatial frequency domain

with two-dimensional fast Fourier transforms of the searched edge

image and a hand drawn edge template to correct for translation only.

The second pattern recognition process researched also uses

edging as one step of a purely spatial domain algorithm. The

approach locates targets in infrared images that can be described

a hotc'Custers. A cluster recognition algorithm by Hamadani is

implemented and altered for testing of local thresholding and

thresholding rules. The algorithm is shown to be effective on

real infrared images,provided by the thesis sponsor, the Air Force

Armament Laboratory a Eglin AFB, Florida.
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IMAGE FILTERING WITH

- BOOLEAN AND STATISTICAL OPERATORS

I. INTRODUCTION

BACKGROUND

An image is the representation of the electro-magnetic energy at

a certain time in a plane in space. Typically the energy is in the

spectrum of visible light or infrared light. Image pattern recogni-

tion is the process of analyzing an image to find known patterns

that aid in the classification of the image information content.

Image pattern recognition has many applications such as: (Ref 1)

1) document processing

2) industrial automation

3) medicine and biology

OD 4) military target finding, guidance.

There is no pattern recognition machine to date that approaches

human capabilities. Pattern recognition problems are difficult

because of the natural complexity of the world. Humans use form

(gestalt) matching whereas all machines perform template matching

when the form has a specific rendition. Machines can work practically

under controlled conditions. For example, retail stores often use

bar code labels on their products for inventory control. Lasers

can read these carefully printed labels if they are held at the

proper distance.

The general approach for recognition of objects is to extract

a set of features that describe the object and search the scene

-. for a match. The set of features is the template and the searching
I,,
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--• process is called template matching. The selection of features will

determine the success of the match. (Ref 2)

The mechanics of the matching process must employ some decision

theory that will allow for the unavoidable errors. The acceptance

region for a particular feature class should be as large as possible

without overlapping the region for a different class. Often a

confidence rating will be assigned to each match.

Segmentation is the process of dividing the image into meaningful

parts during the analysis. Meaningful parts might be sections of

the scene where there is a likelihood of finding the sought objects;

or they might be regions that correspond to parts of the sought object.

When a process has the abiliLy to determine how to beneficially

change its version of the template, then we say that it has learning

ability. Learning should improve the feature set or it will fail.

Artificial intelligence, a field similar to pattern recognition,

Y lends much to learning theory.

-1-2
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SCOPE

This thesis works with digitized images of visible light and

infrared light quantized into 16 grey levels. The video, or visible

light, images are represented in 256 X 256 matrices, while the infrared

images are represented in 96 X 100 matrices. The video images were

digitized in-house from photographs. The Air Force Armament

Laboratory, Eglin AFB, Florida, provided the infrared images. These

images portray real scenes with military application.

Images may be described by many features, but common ones are

edges, texture, regions, shapes, and spatial frequency content. The

first four listed are defined in the spatial domain, while the last

"V is defined by a transformation such as the Fourier transform.

Preprocessing is the filtering or reduction of an image before

the template matching process. This thesis is concerned mainly

with the use of linear and nonlinear spatial filters for the pre-

processing of an image. Especially, the filters will be designed to

extract the edges in the image. This is similar to high frequency

enhancement in the frequency domain.

Some template matching processes are considered, and the

edge extraction is optimized for each template matching process.

While edge extraction is emphasized, no fitting of mathematical

models for texture or shapes is used.

The techniques to be used will be chosen to be as immune as

possible to clutter. Clutter is all of the background scene that

distracts the recognition process from finding the object. Clutter

may also be another object that occludes the sought object because

of their relative positions.

'-3
%,%



-7-7 T 7- 7M

04

:- *Present applications of image pattern recognition work under
- constraints that depend on a prior knowledge of the situation at

hand. The general problem does not assume these constraints. This

thesis does not attempt to solve the complete general problem, rather

it researches techniques that are hoped to contribute to the solution

of the general problem.

While new techniques are tried on real scene imeges, the results

are visually inspected for information content. The information

content in question is in the edges of the image. Visual inspection

and careful observation replace any mathematical development to

explain what exactly the process did. Hypotheses of beneficial

operations are developed without regard to l inearity or causality.

This effort assumes the perspective of the target is fixed and

known. Therefore, geometrical transformations or stereomapping are

not considered. Segmentation techniques are also neglected.

Furthermore, the analysis is static, i.e.: successive images are

not compared. Hence, no learning ability, movement detection, or

three dimensional analysis is discussed.

1-4
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APPROACH

Several edge extraction or edging algorithms are evaluated for

their representation of important image information content. The

definition of important information is subject to the data set, and

to the intended processing subsequent to the edging process. In

general, edges are extracted from areas with monotonically changing

brightness over a small area (typically 3 X 3 mask neighborhood).

The edges should also be optimized for the template matching algorithm

used in the recognition process. Modifications to the evaluated

edging algorithms are tried. The resulting images are examined

again for important image information content.

Clutter or noise reduction is in the form of thresholding. The

thresholding is typically some boolean function based on statistical

Noperators. The statistics may be global or local. Global thresholds

depend on the statistics of the entire image, whereas local

thresholds depend on a local neighborhood of the pixel being

processed.

Edged image values range from zero (representing no edge) to

fifteen (representing the highest contrast edge). When edge image

pixels are thresholded, the resulting value is either zero or non-

zero. A value of zero precludes further processing for that pixel.

A non-zero valued pixel after thresholding can take on its original

edge value or some function thereof.

The Hamadani algorithm is implemented and evaluated for techniques

that can be applied to more general pattern recognition problems.

(Ref 3) The Hamadani algorithm works solely in the spatial domain

1-5
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for the purpose of detecting "hot" clusters in an infrared image.

Modifications to the Hamadani algorithm are tested to see if target

detection can be improved. Among the proposed modifications are

improved edging algorithms, local thresholding, and faster implemen-

tation techniques.

A more complicated template matching process than cluster

detection is used to operate on edged images to test the effectiveness

of the edging algorithms. (Ref 4) Cross-correlation in the

frequency domain with two-dimensional fast Fourier transforms

(2DFFT) should correct template translation. Cromer concludes that

scene brightness cannot be used successfully in this template

matching process, and recommends preprocessing with edging routines.

New template matching processes are contemplated to more

. effectively use edged image information. Proposed techniques are

discussed as possible subjects of more research.

.
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EQUIPMENT

All thesis work is done in the Signal Processing Laboratory

. at the Air Force Institute of Technology. All software is written

V, in Fortran 5 to be run on the Eclipse S/250 computer system. The

system has complete video input and output facilities. (Ref 5)

Output can be achieved on a video monitor or a Printronix 300 line-

printer. The lineprinter output is used to represent images

for inclusion in this thesis. Input from a vidicon camera and

output to the video monitor are executed on the Nova/Cromenco

system which shares disk memory with the Eclipse S/250 system.

Support software routines are included in Appendix A.
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II. EDGING ALGORITHMS

BOOLPASS

At the start of this thesis effort, it was believed that there

was some merit to a proposed edging routine devised by Blaine Feltmate

" (Ref 6). The operation, entitled Boolpass, consists of three basic

steps:

1) average or low pass filter the original image

2) negate the averaged image

N: 3) threshold using the criteria that the original image and the

negated averaged image must be within a small range of each other

on the gray scale.

Boolpass is almost equivalent to thresholding the original

Q image around the middle of the gray scale. The operation does a

selective thresholding of the middle of the gray scale, though.

That is, only areas where the average image is in the middle of the

gray scale remain after thresholding.

For certain pictures, the operation tends to reduce the image

'.; to important edges. Important edges are those edges that are

critical to the definition of the target. The operation left many

areas containing no edges unreduced, however. It also eliminated

some edges that were present in some areas that had no values in

the middle of the gray scale.

Many variations were tried on Boolpass as suggested by Feltmate,

and some others, too. Nothing seemed to be able to leave all

important edges and reduce unimportant areas. Then, using the
- "" criterion that deviation for the neighborhood around the pixel

iIl-
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being operated on must be over a certain value, Boolpass gained the

ability to reduce areas with middle scale values and with no edges.

However, edges not in the middle of the gray scale still were not

present. I then concluded that Boolpass was no longer viable and

pursued the idea that deviation was the feature that defined edges.

DEVIATION

Deviation works well at defining the edges (see Figures l and

2). Specifically, mean deviation was used instead of standard

deviation because of faster computation and noise immunity. Large

masks, or neighborhoods, tend to blur the edges (see Figure 3).

Therefore, most edge processing uses 3 X 3 masks.

Appendix B contains the listings of the Fortran programs used

for edging. The program used to calculate the averages and mean

deviation on local neighborhoods is STATISTICS.

While deviation works well at defining the edges, random

noise at some parts of the image that contain no edges is also extracted

to be part of the resulting image. We do not want noise to be

part of an edged image.

11-2
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MASK EDGING

Kirsch's operator was tried because of recommendation by

Hamadani (Ref 3). Coefficients were changed to effectively use the

gray scale range, but relative ratios remain the same (5 to 3).

There are eight mask orientations to be convolved with the neighbor-

hood of each pixel. The maximum magnitude of the eight convolutions

is assigned to the pixel in the edged image. That maximum occurs

for the orientation that most closely aligns with the edge in the

original image. The result of performing Kirsch's operator on

Figure l is shown in Figure 4. The Fortran program for the Kirsch

operator is KEDGE, and the listing is in Appendix B.

Mask edging is the process of convolving several masks with the

neighborhood of the pixel being processed (Ref 7:97). The masks

fl represent model edge neighborhoods at various orientations. The

Vmaximum convolution of the masks becomes the edge value of the

output pixel. Notice that the orientation of the edge will be known

after the maximum is found.

A mask edging operator, henceforth referred to as the wedge

operator, was defined on a 3 X 3 mask with coefficients adding to

zero so that the output will be zero for a pixel that is not near

an edge. Figure 5 shows the masks for the wedge operator at the four

orientations. The actual coefficients are less but the relative

ratios remain the same (2 to 1).

Let us look at the masks for orientation #1 of the wedge

operator. These masks are models of horizontal edges where the

center pixel is:

11-6
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... .. .- .

Orientation #23

21 2 2 -1 -1 I - -2 -2 i
2 -2-I - - 1 -1 -2 -2 1 1

t I -I - 2 2 2' 1 -1. --2 -Orientation #2

-1- -1- -1 1 1 -2 -21 1.I.
I-4.-1 2- 2 -1 -1 1. 1.-2 -2 1. 1
-1 --1 2 2 -1 1 1 -2 -2 1 11

* Orientation #3,

2I I 2 -1 1I 1 1 - -2 1 1 .

-- 2 2 -1 -1 1 1 -2 -2 1 1 '
,#' Orientation #4,

-1.2 -t I I 1 -2 1-2 I I'

Figure 5 - Convolution Masks for the Wedge Operator
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- .. 1) negative (relatively) with negative values below

2) negative with negative values above

3) positive with positive values below

4) positive with positive values above

Orientations #2 and #4 are opposing diagonals and #3 is vertical.

Notice that half of the masks are negatives of the others.

.e J4In order to save the information about which mask orientation

produced the maximum convolution value, the wedge operator separates

the output into four different images. Each output image is zero

filled initially. If the mask with maximum convolution value is at

orientation #1, the edge pixel value will be assigned to edge image

#1. Edge pixels at orientation #2 are assigned to edge image #2.

Similarly, edged images #3 and #4 are formed. If two or more masks

at different orientations produce the same maximum convolution

value, the edge output goes to each of their corresponding edge

images.

Other methods to save the orientation information can be

devised to be more efficient. The wedge operator separates the edge

images for use in a scheme for correlation described later. The

program for the wedge operator, WEDGE, is listed in Appendix B. A

program used to recombine the edge images is NCOMB in Appendix A.

Figures 6-11 show results of the wedge operator.

-1-9
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III. TEMPLATE MATCHING WITH EDGES

MATCHING

To prove the utility of edged images in template matching,

real scenes were searched using an existing cross-correlation

scheme (Ref 8:480). The template is in the form of an edge image

of the object of interest which is to be found in the searched

edged image. The template version of the object must have the same

size, perspective, and orientation of the object embedded in the

searched scene. The cross-correlation scheme will only correct for

translation along the cartesian coordinates.

The cross--correlation scheme operates in the spatial frequency

domain. The two-dimensional fast Fourier transforms (2DFFT) of the

searched image and the template image are formed. The 2DFFT's

represent the spatial frequency content of the images. Then the

2DFFT's are point by point multiplied to form the 2DFFT of the cor-

relation image, which is inverse transformed to the spatial version

of the correlation image. The programs to form the 2DFFT, inverse

the 2DFFT, and perform complex conjugate multiplication are DIRECT,

INVERSE, and CMULT. Descriptions of DIRECT and INVERSE, and the

listing of CMULT are in Appendix A.

Since DIRECT, INVERSE, and CMULT require the images in complex

format, programs are needed to convert between packed video format

(4 bit integer) and complex format. VDTOCP converts from packed

video to complex. CPTOVD converts from complex to packed video.

* ~In addition, CPTOVD will also locate the maximum value of the image

to be converted. The maximum will be of interest when the image is

• -. II I-I



- .a correlation image. The listings of VDTOCP and CPTOVD are in Appendix

:~ ~ A.

The maximum value in the correlation image indicates the row and

column translation of the template image required to register with the

most closely matching part of the searched image. Since the 2DFFT

assumes periodicity of the image, translation causes wrap-around of

end points. That is, points moved down past the bottom boundary go

to the top of the image, and points moved past the right boundary

go to the left boundary of the image.

More important than the maximum value, the peaks in the cor-

relation image identify areas that are close to the template in

match. The shape of the peaks is important, too. Sharp peaks

indicate a sure match. Dull peaks indicate a close but unsure match.

111-

'.I'

" 111-2



TEMPLATE GENERATION
-p,. .-. ___ __ ____.

The template image is composed of lines at the edges of the

object of interest. The template is zero everywhere else. The lines

are assigned a maximum value of fifteen. A variable weighting

method can be used to represent the importance of an edge in the

matching process, but is beyond the scope of this thesis. The

generation of the template image is not a trivial task.

In order to generate a template with the same scale, orientation,

and perspective as the object in the searched image, the template

must be digitized at the same time the searched picture is digitized.

The templates were digitized from a transparency film with a clean

white sheet of paper behind it. The procedure for digitizing the

searched scene and the template follows:

1) Tape the transparency to the picture near the bottom so that

it can be folded down out of the way when digitizing the picture.

2) Trace with a fine tipped transparency marker the edges of

the object *f interest.
3) Set up the picture with transparency taped to it in front

4of the digitizing camera and adjust camera.

4) Digitize the picture with the transparency folded down out

of the way.

5) Without moving anything except for flipping the transparency

back up in front of the picture, (the trace should still be aligned

with the picture) digitize the transparency with a clean sheet

of white paper behind it.

The digitized template has to be cleaned up because the lines

will not have values of fifteen and the background will not be zero.
1 1
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The program TONER, listed in Appendix A, was used to map pixel values

less than eight to fifteen, and to map pixel values greater than or

equal to.eight to zero. This mapping negates the digitized version.

" Negation is necessary because the digitizer assigns a value of fifteen

for full brightness, and the lines on the transparency are dark.

; * The template image after clean-up should be a line trace version

of the object with the same orientation, size, and location of the

object. The template can then be moved with a known translation. The

program NMOVE, listed in Appendix A, was used to translate the

template to the center of the image. Figure 12 shows the finished

template created for the image shown in Figure 6.
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RESULTS

The image shown in Figure 6 was searched using the template

shown in Figure 12. The cross-correlation image is shown in Figure

13. The peaks are fairly sharp and the maximum corresponds to a

template translation that is one pixel location from the correct

translation.

Figure 6 is a good test for the discrimination ability of the

matching proces. since there are several other objects of interest

at approximately the same size, orientation, and perspective. The

other peaks in Figure 13 that do not contain the maximum correspond

to the other objects of interest in the searched image. The other

peaks have maximum values that are 90% or better of the global

maximum.

- , Several other pictures were searched similarly and the targets

were located within one or two pixel locations. These results are

in Appendix C.
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Figure 13 -T38 Correlation Image
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SEPARATED ORIENTATION CORRELATION

With hopes of improving the correlation scheme with edges, the

separated edge orientation method was combined with the cross-

correlation method. The method of separating edge output into four

different images with the wedge operator is described by the section

on mask edging in Chapter II. We want to correlate the edge image

at orientation #1 of the searched image with the edges at orientation

#1 of the template. Similarly, we want to correlate the edges at

orientations #2, #3, and #4. Then, add the correlation output for

each of the orientations to form the final correlation image.

To separate the template image into edges at four different

orientations, a line detection and separation operator was devised.

The tedge operator, as hereby named, is very similar to the wedge

operator in that it uses convolution masks. Each of the four masks

shown in Figure 14 is convolved with the neighborhood of the pixel

being processed. The mask orientation that produces the maximum

convolution value determines which output image the pixel will be

assigned to. If two or more masks produce the same maximum, the

edge pixel will be assigned to each corresponding output image.

The program for the tedge operator is TEDGE and is listed in Appendix

B. Figures 15-18 show the separated edge orientations for Figure 12.

The correlation is performed as described in the previous

section on matching. The edges are correlated at the separate

orientations and then the correlation results are summed. The

program to sum the correlation results when they are in complex format

is ADDCMP as listed in Appendix A. Figure 19 is the result of

performing the separated edge orientation correlation of Figures

ill-8
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* 7-10 with Figures 15-18 respectively. Notice that peaks are sharper.

Also, the target was located exactly by the maximum correlation value.
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Figure 19 -T38 Separated Orientation Correlation Image
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IV. CLUSTER RECOGNITION

HAMADANI ALGORITHM

In 1981, N.A. Hamadani developed an automatic target cuer for

infrared images. The algorithm is basically a cluster recognition

process that operates solely in the spatial domain. The clusters in

the infrared images are "hot" blobs that typically represent man-

made objects with much thermal activity, such as trucks or tanks.

Hamadani's algorithm was implemented here in the Signal Processing

Laboratory with the intention of researching improved preprocessing

techniques.

The algorithm has seven basic steps as described below. The

first three steps are considered preprocessing. Only the first

0 four steps were actually implemented with the assumption that, given

the understanding of the remaining steps, the results of the entire
algorithm may be known. The steps are:

1) Enhance the original image with a convolutional mask

operator that has the same pattern as the Kirsch operator, but the

coefficients are 10 and -l instead of 5 and -3 respectively.

2) Edge extract the enhanced image with the Kirsch operator.

3) Threshold the enhanced image using a global conjunctive

thresholding method. Global statistics form the thresholds for

the enhanced and edged images. Where both the enhanced image is

above its threshold and the edged image is above its threshold,

a value of fifteen is assigned to the output. Otherwise, the

.output at that pixel location is assigned a value of zero. Conjunc-

tion refers to the thresholding on both the enhanced and edged images.
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S"-' The global threshold for each is its global mean plus its global

standard deviation.

4) Reduce the thresholded image using a connectedness test that

states a non-zero pixel will be removed if it does not have at least

two non-zero neighbors above, below, to the left, or to the right.

Diagonal neighbors are ignored. The test is repeated until no

pixels are removed.

5) Segment the non-zero pixels into target clusters by finding

which ones are connected and assigning them a target identification

number to keep track of which pixels are in a particular cluster.

6) Erode the outside boundaries of the target clusters with

what Hamadani calls thinning. For thinning, the desired target

shape is assumed to be rectangular. The top row of each cluster is

removed if the one below it has more non-zero pixels in it.

Similarly, leftmost and rightmost columns and the bottom row are

tested.

7) The target is tested for acceptable size. The clusters must

be at least 3 X 3 pixels, and the ratio of length of width must

be between 8:1 and 1:8. Also, the number of non-zero pixels in the

(assumed) rectangular boundary must be at least 75% of the maximum

possible.

The program to implement the first four steps is HAM1 as listed

in Appendix D. The results for the infrared image in Figure 20 after

each of the four steps are shown in Figures 21-24. If the last three

steps operated on Figure 24, the result would look like Figure 25,

which was altered manually for inclusion here. There are indeed

three targets as indicated.
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Variations on the edging algorithm were tested but the results

were the same as with the Kirsch operator. Instead of pursuing work

on the edging process, other parts of the preprocessing were changed

with hopes improving the entire algorithm.
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LOCAL THRESHOLDING

With all of the other steps unchanged, the conjunctive

thresholding was implemented using local neighborhood statistics.

The threshold for each pixel is separately computed using the mean

plus the standard deviation of the square local neighborhood. The

computation time increases significantly, but the process now has

the ability to correct for variations in the average intensity across

the image.

The results for the local thresholding were not very good until

another step was also changed. When using local thresholding, the

edged image must be formed from the original image instead of the

enhanced image. This is because the enhanced image dilates the hot

blobs, and when edged, the conjunctive thresholding shows that the

thresholded enhanced and edged images will not coincide very well.

By edging the original image, the edges of the hot blobs are closer

to the center of the cluster. Then the thresholded edges coincide

better with the thresholded enhanced image.

The program to perform the new algorithm with local thresholding

is HAM21 as listed in Appendix D. The result for this version of

the algorithm using a 17 X 17 neighborhood for Figure 20 is shown

in Figure 26. The last three steps of Hamadani's algorithm would

reduce the image to Figure 27. The three targets are again detected.
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Figure 27 -Finished Image of IMAG1.IR1 Using Local
Thresholding with 17 X 17 Neighborhood S
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"-.-. NEIGHBORHOOD SIZE

The amount of computation for local thresholds is proportional

to the square of the size of the neighborhood. We are thus motivated

to try to obtain good results with smaller neighborhoods. 17 X 17

neighborhoods produce good results, but 7 X 7 neighborhoods do not

unless some changes are made in the way the thresholds are computed.

Specifically, the amount of local standard deviation that is

added to the local mean must be modified. A coefficient on the

standard deviation was experimented with, but good results could not
,4%

" be produced without limiting the range of the product of the local

standard deviation and its coefficient. The limits must be imposed

4because when the small neighborhood is placed over a high contrast

edge, the standard deviation will be unappropriately high. Thus,

a maximum must be found.

In addition, small neighborhoods allow some false targets to

appear in the results. This is because in relatively edgeless areas

the standard deviation is inappropriately low. Thus, a minimum

must be found. When the standard deviation is modified by a co-

efficient, a minimum, and a maximum, the results for local thresholding

with 7 X 7 neighborhoods are better than ever.

The program for local thresholding with the modified standard

deviation term is HAM31 as listed in Appendix D. The result of using

a 7 X 7 neighborhood in HAM31 on Figure 20 is shown in Figure 28.

The last three steps of Hamadani's algorithm would reduce the image

to Figure 29.
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THRESHOLD RULE

While making the previously mentioned improvements in Hamadani's

algorithm, the results of thresholding the enhanced image were

.-. viewed separately from the thresholded edge image. This allows inspection

of what exactly the conjunctive thresholding does. With local threshold-

ing, the process was observed to depend mostly on the thresholding

of the enhanced image.

The edging step was then omitted to test this observation for

another shortcut. The thresholding is now only on the enhanced image.

The program to implement this shortcut is HAM61 as listed in Appendix

D. The result of using a 7 X 7 neighborhood in HAM61 on Figure 20

.is shown in Figure 30. The last three steps of Hamadani's algorithm

would reduce the image to Figure 31.

The preprocessing using Hamadani's first four steps and all of

the described modifications were tested on eight different images.
4.

The results are included in Appendix E.
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V. CONCLUSIONS AND RECOMMENDATIONS

EDGING OPERATORS

Large masks for edging operators only decrease the resolution of

the edges but may help the overall process if the images are noisy.

The best masks represent an ideal edge at various orientations. By

finding the mask that produces the maximum convolution sum, edging

determines the contrast and the orientation of the edges.

Mean deviation is very similar to difference, gradient, or

derivative operators such as Roberts and Sobel operators for extract-

ing edges. These are all more susceptible to noise than the edge

mask approach. Mean deviation is preferred to standard deviation

because it is faster to compute and is less affected by noise.

CORRELATION WITH EDGES

Template matching can be implemented well by correlation with

edges. The template is a line trace drawing of the object of interest.

The correlation process described in this effort corrects target

translation only. When separated orientation edge images are used,

the correlation process is further improved. Some research into

whether more orientations help the process is suggested. Also, an

orientation correction correlation scheme might be devised using

the separated orientation edge images.
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CLUSTER RECOGNITION

The Hamadani algorithm works well for detecting clusters in

the infrared images. Local thresholding improves the process by

compensating for changing average intensity across the image. 17 X

17 neighborhoods prove to work well for local thresholding. 7 X 7

neighborhoods can be used if the threshold computations are slightly

modified. Less than 7 X 7 neighborhoods could not be implemented

with good results. When local thresholding is used, the conjunctive

threshold rule can be reduced to thresholding the enhanced image

only. Thus the edge image can be omitted.

Further work on the cluster recognition algorithm might

include computing the thresholds using selective neighborhoods

that are perpendicular to the edges. Enhancement might be

ND performed more than once. The-last four steps of Hamadani's algorithm

4. are subject to research. Some better connectivity tests, thinning

routines, and size tests could be investigated.
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SUBROUTINE IOF(N.MAIN,Fl,F2,F3MS,S1,S2,S3)
C
C Written b Lt. Simmons 10 Sep 1981

-... C Version 2
C
C This FORTRAN 5 subroutine will read from the file
C COM.CM (FCOM.CM in the foreground) the program name,
C any global switches, and up to three local file
C names and corresponding local switches.
C
C Calling arguments:
C
C N is the number of local files and switches to be
C read from (F)COM.CM. N must be 1, 2, or 3.
C
C MAIN is an ASCII array for the main program file name.
C
C Fl, F2, and F3 are the three ASCII arrays to return
C the local file names.
C
C MS is a two-word integer array that holds any global
C switches.
C
C S1, S2, and S3 are two-word integer arrays that
C hold the local switches corresponding to F1 through
C F3 respectively.
C

-a..' C
S- C Dimension the arrays.

DIMENSION MAIN(7),MS(2)
INTEGER Fl(7),F2(7),F3(7),SI(2),S2(2),S3(2)

C
AJ' C Check the bounds on N.

C
IF(N. LT. 1. OR. N. GT. 3)STOP "N out of bounds in IOF. "

C
C Process the data in (F)COM.CM

,,%, C
CALL GROUND(I) ;Find out which ground program is in

IF(I.EQ.O)OPEN 0,"COM.CM" ;Open ch. 0 to COM.CM
IF(I.EG.'I)OPEN O."FCOM.CM" ;Open ch. 0 to FCOM. CM
CALL COMARG(OMAINMSIER) ;Read from (F)COM.CM
IF(IER. NE. 1)TYPE" COMARG error:", IER
WRITE(0,01)MAIN(l) ;Type program name

1 FORMAT(' Program ",S13, "running. ')
CALL COMARG(0FI,S1,JER) iRead from (F)COM.CM
IF(JER.NE.1)TYPE" COMARG error (Fl): ",JER
IF(N. EQ. 1)GO TO 2 ;Test N
CALL COMARG(0,F2,S2,KER) ;Read from (F)COM.CM
IF(KER.NE.t)TYPE" COMARG error (F2):",KER
IF(N.EQ.2)GO TO 2 ;Test N
CALL COMARG(O,F3,S3,LER) ;Read from (F)COM.CM
IF(LER. NE. 1)TYPE" COMARG error (F3):",LER

2 CLOSE 0
RETURN
END

A-2
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SUBROUTINE UNPACK(N, PIXWORD, PIXELS)
C
C Written by Lt. Simmons Version 2
C

-. C This subroutine will unpack four 4-bit integers from a
. C 16-bit integer word. The pixels in a video file have to

C be unpacked if each pixel is to be operated on separately.
C

INTEGER PIXWORD(N),PIXELS(4,N) ;Four pixels per word
DO 1 I-1,N 'N' allows higher-order
DO I J-1,4 ;arrays to be passed.

.. PIXELS((5-J),I)-15. AND. PIXWORD(I) ;Pick off right pixel
1 PIXWORD(I)-ISHFT(PIXWORD(I),-4) ;Shift word 4 bits right

RETURN ito pick off next pixel.
END

'". 4

Or
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SUBROUTINE REPACK(N, PIXELS, PXWD)
C
C Written by Lt. Simmons Version 2
C
C This subroutine will repack four 4-bit integer pixels
C into one 16-bit word for use by CHOPS. Parameter N
C allows more than one 4-bit to 1-word repacking
C operation in each call to REPACK.
C

INTEGER PIXELS(4,N).PXWD(N)
DO 1 J-l,N ;Loop N times
PXWD(J)=O
DO 1 11,4
PXWD(J)=ISHFT(PXWD(J),4) ;Shift pixel left in word

1 PXWD(J)-PIXELS(IJ)+PXWD(J) ;then add next pixel on right
RETURN
END

A-4
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C Program PICT Written by Lt. Simmons 14 Oct 1981
C Fortran 5 Revised by Lt. Cromer 12 Julyj 1992
C Revised by Capt Wells 25 Sept 1983

C This program will convert video pixels to lineprinter pixels
C and will send the picture to the Eclipse's Printronix 300
C linoprinter. This program prints the complete 256 by 256
C pixel picture. Odd numbered video lines are represented by 3x3
C pixels, while even numbered video lines are represented by 4%3

Z'. C pixels. Run time should be about two minutes.

DIMENSION IIARRAY(268), I2ARRAY(264 ),13ARRAY(201). I4ARRAY( 199)
EQUIVALENCE (I IARRAY. I2ARRAY, I3ARRAY, I4ARRAY)
DIMENSION ILP(4,67), IFILE(7). IREC(64). ISAV(4)
INTEGER MAIN(7).F2(7),F3(7).MS(2),S1(2),S2(2),S3(2)

CALL IOF(1,MAIN, IFILEF2,F3,MSS1,S2,S3)

C Set up solid line, space. and line feed/plot-on character

IL177777K ;Solid line
NC4O100K ; Space
LF-012K ;Line feed
LFPC-2412K ;Line food/plot on

C Set up parameters for complete picture display.

N1I-66 ;Top and bottom border lengthN2',,256 ;Number of linesdipae
N3-1 ;Location of left border

-N416 ;Location of right border

N5-67 ;Location of line feed
,.. N6-1 ;Length of lines displayed

CALL OPEN(I,IFILI.IER) ;Open the video file
CALL CHECK(IER)

C Put a border at the top of the picture.

5 DO 7 1-1.3
DO 6 Jl.Ni

WRITE BINARY(12)IL ;Print a line
6 CONTINUE

WRITE DINARY(12)LFPC iTerminate the line
7 CONTINUE

C Each line of the picture will have a border on each end.

JTEST a -1

DO 13 JAilN2

JTEST - JTEST *(-I)

IF(,JTEST.GT.O)JJ-3 ;Odd iteration

"-C Put a border down the left hand side

DO 8 K-I1.JJ

ILP(K.N3)A43500K

A-5
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PAGE 2
8 CONTINUE

UC Put a border down the right hand side

DO 9 L-l.JJ ; Insert border
ILP(L.N4)-40170K ;line feed after
ILP(L. N5)-LFPC ;the picture

9 CONTINUE

C Convert the video picture pixels to $LPT pixels

READ BINARY(I)IREC ;Road one video line

Do 12 N-N6,6

IWR-BYTE(IRECCN).2) ;Right two pixels
IWL-DVTE(IREC(N),1) ;Left two pixels

IF(JJ. T. 3.5)CALL OUT4X3(IWL. ISAV)
eIF(JJ. LT. 3. 5)CALL OUT3X3( IWL. ISAY)

DO 11 JD-1,.J
*BYTE(ILP(JB.N+1),l)-ISAV(JB) ;Move to high byte

11 CONTINUE

IF(JJ. LT. 3. 5)CALL OUT3X3(IWR. ISAV)
5-- IF(JJ.OT. 3. 5)CALL OUT4X3(IWR. ISAV)

DO 12 JC1I,.J
BYTE(ILP(JC,N+I),2)-ISAV(JC) ;Store low byte

-. 12 CONTINUE

L-0

0O 130 JE-1.JJ
S.. *DO 130 JD-1,N5

IIARRAY(L)-ILP(JE. JD)
130 CONTINUE

IF(N5. EQ. 88.. AND. JJ.EQ. 3)WRITE DINARY( 12) I4ARRAY
.1 ~IF(N. EQ. 87.. AND.,J.EQ. 3)WRITE BINARY( 12) I3ARRAY

IF(N5. EQ. 88.. AND. JJ. EQ. 4)WRITE SINARY(12)12ARRAY
IF(N5. EQ. 67.. AND. JJ. EQ. 4)WRITE BINARY(12)IIAARAY

13 CONTINUE

C Put a border and title at the bottom of the picture

DO 15 JF-1.,3
DO 14 JQinl.Nl

WRITE DINARV(12)IL ;Print a line
14 CONTINUE

WRITE BINARY(12)LFPC ;Terminate the line
15 CONTINUE

WRITE(12. 16) ;Title picture
16 FORM'AT(' '. ISX.'Signal Processing Laboratory. Air Force
+ Institute of Technologg. Wright-Patterson AFI. ON 45433(14>')

CALL RESET jClose all channels
* STOP
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SUBROUTINE OUT3X3(VIDPIX, LINEPRINT)

C
C Written by Lt. J.H. Cromer
C
C This subroutine converts the video pixel values
C (i.e. an integer value from 0-15) to lineprinter
C dot matrix form. A 3x3 array pattern
C is formed by this subroutine. Dot pattern texture
C (distribution of dots) and average brightness are
C varied to create 16 pseudo-gray levels. Odd numbered
C rows of the picture created by PICTURE use
C these 3x3 patterns.
C NOTE: The six least significant bits of each byte
C sent to the P-300 represent print hammer
C switches (i.e. a I turns the hammer on
C to print a dot, a 0 leaves it off). Bit
C seven must have a value of 1.
C (See the Printronix manual for further discussion)
C

INTEGER VIDPIX, LINEPRINT(3), RIGHT, PATTERN(3, 16,2)
C
C Note that right and left pixel patterns are
C not necessarily the same.

DATA PATTERN/4*7, 5, 7,7, 3 7, 5, 2.2, 7. 2. 5. 2. 5, 2. 7, 2*2.
*5, 2. 5, 0, 5, 2, 5 2. 5. O 2*2, O 2*2, 0. 2. 1. 3*0. 2. 4*0,
$4*17OK. 15OK. 170K. K 70K, 130K, 120K. 150K, 170K. 4e150K.
$120K. 15OK, 120K, 170K.2*120K, 15OK, 12OK 15OK, lOOK, 15OK,
$140K. 120K. 110K, 120K, lOOK. 150K, 11OK. 140K, 11OK. lOOK. 150K,
$2*100K.120K.7.IOK/

RIGHT-(VIDPIX. AND. 15)41
LEFT(ISHFT(VIDPIX, -4). AND. 15)41
DO 10 1-1, 3

LINEPRINT(I)-PATTERN(I,LEFT, 1)+PATTERN(I.RIGHT,2)
10 CONTINUE

RETURN
END

C
Cee..**e* Subroutine OUT3X3 *.****.*..*.****e
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SUBROUTINE OUT4X3(VIDP IX, LINEPRINT)

C
C Written by Lt. Cromer
C
C This subroutine returns lineprinter pixels to the
C calling program PICTURE, which sands video
C pixels (an integer from 0-15). The pixel pattern
C returned is a 4x3 dot matrix array,. to be used for
C the even rows of pictures created byj PICTURE.
C (See 0UT3X3.FR for mare explanation).
C

INTEGER VIDPIX.LINEPRINT(4).RIGHTPATTERN(4, 16.2)
DATA PATTERN/ 5*7, 5# 7, 7. 6. 7, 7. 3. 3, 6. 7. 5. 5. 6. 3. 2, 5, 2,

$3*5, 2. 2. 5. 5.0. 2. 5,2. 2. 5. 2,.2.1.4. 2. 2,4. 1. 2, 1. 4. 2. 0. 0, 1.
$4.0. 0,2.10*0, 5*170K. 150K. 2*170K. 160K. 2*170K. 2*130K.
S160K, 170K. 150K.120K. 2*170K. 120K. 150K. 120K. 3*150K. 2*120K.
SISOK. 120K,2*15OK,3*120K, 1SOK2*120K. 110K. 140K. 120K. 150K.
52*100K,150K. 120K. lOOK. 110K. 140K. 120K,2*OOK,
5120K. 2*100K, 140K. 3*100K. 120K, SelOOK/

RIGHT-(VIDPIX. AND. 151+1
PLEFT-(ISIUT(VIDPIX. -4). AND. 151.1

DO 10 1-1,.4

10 ONTNUELINEPRINT(I)-PATTERN(I, LEFT, 1)+PATTERN(I.RII4T.2)

RETURN
END

C
C***.**** Subroutine OUT4X3 *.***..**e*ee...**
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C

C Program TONER Written by Lt. Jim Cromer
C
C This program will convert individual pixel values
C of an input video File into new values assigned by
C the user. It can be used to adjust gray-levels
C (i. e. histogram equalization), increase contrast,
C display selected pixel values create "negative im-

* -C ages". create Files of a constant gray-level, and For
C many other purposes. (NOTE: The program EVIDHIST can
C be run to generate a histogram of anu VIDEO File.)
C
C Execution Line Format:
C TONER

' C The program will ask For the input and output
C File names, and the new pixel values.
C
C Load Line Format:

,r .. C RLDR TONER TIMER UNPACK REPACK eFLIB
C

INTEGER NEWVALUE(0: 15), INFILE(7), OUTFILE(7)
INTEGER PACKED(4096), UNPACKED( 16384)
ISTART-O ;start timer

OFISTOP ;stop timer

"" C******** USER INPUT OF VARIABLES e*.**.*e*****..e.4**.****.*
C

ACCEPT"Enter name of video file to be toned -- > "

READ( 11, 1000) INFILE(1)
ACCEPT"Enter name of output File -- > "
READ(I11 lOO)OUTFILE(1)
TYPE"<15>",*Enter new pixel values<IS>"
TYPE" NOTE: Leading zeros are significant. i.e. enter"
TYPE" a '1" as '01', enter a '2' as '02", etc.<IS>"
DO 1 J-O,15 j1b grail-levels

WRITE( 10. 2000)J
READ( 11, 3000)NEWVALUE(J)
IF(NEWVALUE(J). LT.O. OR. NEWVALUE(J). GT. 15)

ONEWVALE(J)-15
1 CONTINUE

CALL TIMER(I9TART)
C
Co"***** 1/O FILE MANAGEMENT ee*o4a*a**.*****
C

CALL OPEN(1, INFILE, 1 IER)
MIF( ER. NE. 1)TYPE"INFILI OPEN error ", IER

CALL DFILW(OUTFLIE, ZEN)
MIF( ER. NE. 1. AND. IER. NE. 13)TYPE"OUTFILE DFILW

0 error *", IER
CALL CFILW(OUTFILE,3,64,IER) screate a centiguous file
IF( IER. EQ. 41 )CALL CFILW(OUTFILE. 2. IFR)

A-9
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PAGE 2

IF(IER.NE.1)TYPEOUTFILE CFILW error 0".IER
CALL OPE-N(2. OUTFILE, 3,IER)
IF(IER.NE.1)TVPE"OUTFILE OPEN error *".IER

C
C*e*o.... RE-TONE THE P ICTURE ****O9444***4004
C

.DO 3J-0.48.16
CALL RDDLK(1.JPACKED. 16. ZER)
IF(IER. NE. i)TYPE"RDBLK *".J." arror:".IER
CALL Ut4PACK(4096, PACKED, UNPACKED)
DO 2 1-1.16384 ;do 1/4 of picture

UNPACKED( I)-NEWYALUE(UNPACKED( I))
2 CONTINUE

CALL REPACK(4096, UNPACKED. PACKED)
CALL WRSLK(2.J. PACKED. 16. IER)
IF( ZER. NE. 1)TYPE"WRBLK *. J." error: ".IER

3 CONTINUE

C Send message to CRT terminal
C

CALL TIMER(ISTOP)
WRITE( 10. 4000)OUTFILE( 1)
TYPE*<15>*,"Have a nice day!(7)Ci5)"

C
C **e*e.*** WRITE NEW TONE VALUES TO THE L INEPR INTER .. e.400p

wNITE(12. 5000)
WRITE(12, 6000) INFILE(l), OUTFILE( 1)
00 5 1-0115

WRITEC 12.7000)1. NEWYALUEC I)
5 CONTINUE
1000 FORMAT(S13)
2000 FORMAT(" Change old pixel value". 13." to )

3000 FORMAT( 12)7
*4000 FORMAT(" The toned picture is in the file -- > ".913)

5000 FORPWF(//////2&X." RESULTS OF TONER<10>*/

6000 FORMAT(IOX." Input file -> ".813./lOX." Output file
0--> *, 813,//20X, "OLD PIXEL". lox. "NEW PIXEL"M . /20X.

7000 FORIIAT(23X. 12, I7X. 12)
CALL RESET

* STOP
END

C
C****e*....* Proegram TONER *oeeeoo.o~e.oe~~~~oo
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SUBROUTINE TIMERMI

C
C Subroutine TIMER Written byj Lt. Jim Cromer
C Fortran 5
C
C This subroutine is used to time the real-time execution

*C time of the calling program. If the parameter passed. 1,
C is equal to 0. the timer is unconditionally started.
C If I is not equal to 0. the timer it unconditionally
C stopped. and the total run time is typed o" the console
C CRT.
C
C Execution Line Format
C CALL TIPIER(I) ;IF(I.EO). start timing
C ;IF(I.NE.0), stop timing
C

COMMON /ITIME/ 1Z.IM1I 11
IF(I. NE. 0)G0 TO 100

J.

CALL FGTIME(IMIIH , 1.ISI) ;got starting time
WRITE(10.1000)H1.1.-1

1000 FORMAT(//" START TIME
RETURN

100 CALL FQTIME(1H2. 112. 192) )get stopping time
WRITE( 10.2000) 1H2.1142, 1S2

2000 FORMAT(//" STOP TIME --- 14. b 1., e3)

ITOTAL-3600*( 1H2-IHZ )eb0*( 112-1111) .12-151
HOURS-I NTCITOTAL/300)
TRON-(ITOTAL-3600HOURS) ; intermediate variable

-'S. -~MINS-INT( TRON/60)
ISECS-MOD(TRON. 60)
WRITE (10. 3000)HOURS oaMINS. ISECS

3000 FORMAT(//O TOTAL TIME ~ 1.U 3 3
RETURN
END-

C** *.*.*4cn* Subroutine TIMER

-P-A
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PACE

C
C Program NMOVE Written by Lt. Jim Cromer
C Fortran IV 16 Aug 1992
C
C This program will place the video information in the win-
C dow given far the template (inputfilet) inside of the
C window given for the background (inputfile2), and write
C the combined picture to the outputfile. The window may be
C placed anywhere within the background, and may be taken
C from anyjwhere within the template. Window width. length.
C and position are input by the user.
C
C Execution line format: (an the NOVA onlyj)
C NMOVE (run EMOVE on the ECLIPSE)
C
C Loader command line format (NOVA onlyg):
C RLDR NMOVE TEST BLOCK CHANCE XWRBLK XRDBLK
C UPACK REPACK FORT. LB
C

C
INTEGER IPAR(2). INFLEI(7). INFILE2(7).OUTF!LE(7).

SCBI, CBLOCKS. CCOL. CLS, CSTOP. CTOP. CLB. CLEFT. TTOP. TBI.TBLOCKS C143#
*TCOL. TLS. TSTOP. TLU. TLEFTCCMI 124). TEMP( 1024). BACK( 1024). WIDTH.TB

COM1ON/LISTi/COMB. TEMP. CLS. TLS
COMiION/L IST2/LENGTH, WIDTH

EQUIVALENCE (COMB, BACK)

C***** 1/O FILE MANAGEMENT ee*e.4.***#ee.4~e
C

TYPE<15>0. "Program NMOVE is to be run on the NOVA only!'"
T99( ...........................
ACCEPT" Enter template file name: 0
READ(1il, i00)INFILE1(i)
ACCEPT*<15>" Enter background file name:
READ(i11 l0Q0)INFILE2(l)
0O 999 J-1.7

999 OUTFILE(J)-INFILE2(j)
ACCEPTO<l5>0." Enter combined output file name:
READ(l.1000)OUTFILE(i)

1000 FORMAT(9l3)
CALL OPEN(i. INFILEI. 2, IER)
IF(IER. NE. 1)TYPEN Channel I OPEN error:", ZER
CALL OPEN(2. INFILE2*2. IER)
IF(IER.NE.1)TYPEO Channel 2 OPEN error:".IER
CN32
ICOUNTO0
DO 1002 J-1#7 a check for BACKGROUND-COMBINED

1002 IF(OUTFILE(JI). EQ. INILE2(J))ICOUNT-ICOUNT+I
IF(ICOUNT. EQ. 7)00 TO 1
CH3-3
CALL DFILW4OUTFILE.IER)
IF(IER. NE.1. AND. JER. NE. 13)TYPE"O)UTFILE DFILW error:". JER
CALL CFILW(OUTFILE 2. ZEN)
IF(IER.NE.I)TYPEN CFILW error:".IER
CALL OPEN(CH3.OUTFILE#2. JER)
IF(IER.NE. 1)TYPEN Channel 3 OPEN error:", ZER
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C**.e.. ENTER WINDOW PARAMETERS **e .. .. *.. ..
C

I ACCEPT"CIS)>". Enter top row of template window (l-256):",TTOP
ACCEPT" Enter left column of template window (1-256):"TLEFT
ACCEPT" Enter width of window (i-256):".WIDTH
ACCEPT" Enter length of window (1-256): ',LENGTH

C

C The calls to TEST chock to see if the input parameters are
C legal, and modifies them if necessary:
C 0 C TOP < 257, (TOP + LENGTH) C 258
C 0 < LEFT C 257, (LEFT + WIDTH) C 258
C

CALL TEST(TTOP, TLEFT)
ACCEPT"C15>"," Enter top row of background window (1-256):",CTOP
ACCEPT" Enter loft column of background window (1-256):".CLEFT
CALL TEST(CTOP. CLEFT)
CALL BLOCK(TBLOCKS, TBI TLS, TCOL, TTOP TLEFT)
CALL BLOCK(CBLOCKS, CDI, CLS, CCOL. CTOP, CLEFT)

C
C Determine column number of the last video row (0-3)
C

J IMOD(LENGTH, 4)
TSTOP-MOD( (TCOL+JZ). 4)-i
CSTOP-MOD( (CCOL+j1), 4)-I
IF(CSTOP. EQ. -l)CSTOP-3
IF(TSTOP. EQ. -l)TSTOP-3

C
C Determine the last significant block of window

CL"CD I+CBLOCKS- i
TLB-TB I +TBLOCKS-1

C
C User chock of window parameters
C

TYPE"C15>", "WIDTH-". WIDTH," LENGTHI. LENGTH
TYPE"TEMPLATE TOP ROW-", TTOP," BACKGROUND TOP ROW-". CTOP
TYPEOTEPIPLATE LEFT COLUMN". TLS." BACKGROUND LEFT COLUMN

C-"., CLS, "ClS>"

ACCEPT*Entor I to see expanded set of variables, any
C other Integer to continue: ".1

IF(I.NE. 1)GO TO 5

TYPE ".eee4H*le**Hle*e-l**e-1 4 e*e**e*)ee~e e"

TYPE" PARAMETER TEIPLATE BACKGROUND"
TYPE"
TYPEOC15>0" " TOP ROW "#TTOPoCTOP
TYPECl5>0"," START COL *", TCOL, CCOL
TYPE"<15>," STOP COL * ".TSTOPCSTOP
TYPE"CIS)" FIRST 8LOCK",TBICBl
TYPE*CIS)n, LAST BLOCK ".TLBCLB
TYPEO<15>", 0 OF BLOCKS, TBLOCKS. CBLOCKS
TYPEwC15>*." LEFT COL ",TLSCLS
TYPE"Ct >"." WIDTH- ",WIDTH
TYPE"CIS)"0 * LENGTH-". LENGTH

ACCEPT" Enter I to try another set, any other integer
C to continue: ".1

IF(I. EQ. 1)0O TO I
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C***** Create the combined picture ***********4***********

C
5 ICOUNT-0

IF(CH3.EQ.2)GO TO 20 ;If combined picture file
;is the same as the back-

iground picture File, then no
;need to write to itself

C Write background only blocks (before window)
C to the combined picture file.
C

JMAX-CBI-iIF(JMAX.LT.0)GO TO 20

DO 10 AJO,jiMX
CALL RDBLK(2, J, BACK. 1. rER)
IF(IER. NE. 1)TYPE" 2RDBLA",J," error: " IER
CALL WRBLK(CH3. 4. COMB, 1. IER)

":. . IF(IER. NE. 1)TYPE" WRBLKII.J." error:", IER
ICOUNTsICOUNT+l

10 CONTINUE
20 TYPE" Background before window completed. "

TYPE" * Blocks written: , ICOUNT
C
C
C Overlay template window onto background .....
C

CALL XRDBLK(1,TBI,TEMP. 1, IER)
IF( IER. NE. 1)TYPE"1RDBLK *", TBI," error:" ER
CALL XRDBLK(2, CBI, BACK, 1, IER)
XF(IER. NE. 1)TYPE"2RDBLK ", CBI," error: ", IER
Nl-TCOL ;4-MAX(NIN2) gives the number of rows
N2-CCOL ;to change before the next RDSLA
IF(TCOL.GT.CCOL)GO TO 100

C ............... .................................
C

, C There are four columns in the packed video array (64x4).
C designated 0. 1. 2. and 3. If the template starting
C column number is less than or equal to the background (combined)
C starting column number, then the background block will be "used
C up" before the template block. When the background block is
C finished, a WRBLK is done, and the next background block is read.
C When the template block is finished, the next template block is
C read, but no WROLK needs to be performed. Note that the back-

C ground and combined files are always at the same block number.yC
CALL CHANGE(N2. N2, Ni)
CALL XWRBLK(CH3, CBI, COMV, 1. IER)
IF(IER.NE. I)TYPS" WRBLK *",Bl." error:", IER

C
C Write the template window into the background
C

T3TBU+1
IMINCEI+1
ICOUNT-1
IMAX-CLB-I
IF(IMIN.GT.IMAX)QO TO 60
DO 50 IUIMIN. IMAX

CALL XRDBLK(2. I, BACK, I, IER)
IF(ZER. NE. 1)TYPE" 2RDBL.K 1." error: ", IER

CALL CHANQE(N, N2, Ni )
CALL XRDBLK( l, TB, TEMP, 1, IER)
IF(IER. NE. I)TYPE" IRDBLK 0", TB." error:", IER

9* CALL CHANGE(N2, N2, Ni)
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CALL XWRBLK(CH3, 1COMB 1, IER)
IF(IER. NE. I)TYPE" WRBLK #",I," error:I," ER
ICOUNT-ICOUNT't

50 TB-TB+l
60 TYPE" TCOL. LT. CCOL--Window portion complete. "

TYPE" * blocks written: ". ICOUNT
GO TO 250

C
C In this case the template starting column number
C is greater than the background starting column number.

" C The template block must be "Finished" first.
C
100 CALL CHANGE(N1,N2,Ni) ;finish TEMP block

TD-TBi+l
IMAX-CLBS-
ICOUNT-O
IF(CBI.GT.IMAX)GO TO 225
DO 200 I-CB1, IMAX

4'' CALL XRDBLK(1,TB.TEMP,. 1 IER)
't" IF(IER.NE. 1)TYPE" IRDBLK 0".TB." error:", IER

CALL CHANGE(N2,N2,N1) ;finish BACK block
CALL XWRBLK(CH3, ICOMB, 1, IER)
IF(IER. NE. 1)TYPE" WRBLK *",I." error:",IER
ICOUNT ICOUNT+1
IBLK-1+1
CALL XRDBLK(2, IBLK, BACK. 1, IER)
IF(IER. NE. 1)TYPE" 2RDBLK *", IBLK." error: "IER
CALL CHANGE(NI.Nl) ;finish TEMP block

200 TB-TB+l
225 TYPE" TCOL.GT.CCOL--Window portion complete."

TYPE" * blocks written: ". ICOUNT

C

., C
- C If the combined (background) stopping column numberC is greater than the template stop column number, then the
- C second last template block (12LB-TLB-1) must be read (i. e.

C there are more video rows to be changed in the last back-
C ground block than there are available in the last template
C block to change them to). If TSTOP is greater than or eqtal

*.-. C to CSTOP, then there are sufficient video rows available in
C the last template block to complete the last
C background block to be changed.
C
250 IF(CSTOP.GT.TSTOP)GO TO 400

MI-TSTOP-CSTOP
CALL XRDBLK(1, TL], TEMP, 1 IER)
IF(IER. NE. I)TYPE" IRDBLK *",TLB," error:", IER
CALL XRDBLK(2, CLB, BACK, I, IER)
IF(IER. NE. I)TYPE" 2RDBLK O",CLB," error: ", IER
N1-3-CSTOP
N2-0
CALL CHANGE(Nl,N2,MI) ;Finish BACK block to CSTOP
CALL XWRBLK(CH3,CLB,COM, iIER)
IF(IER.NE.I)TYPE" WRBLK *",CLB." error:", IER
TYPE" CSTOP. LT. TSTOP--Last block of window complete. "

GO TO 500
C
C Complete the last block of the window
C NOTE: CSTOP is greater than TSTOP. Therefore Finish
C TEMP before BACK.

Or C
-",. .'. 400 MI-CSTOP-TSTOP
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PACE 5
CALL XRDBLK(2. CLB, BACKol1. ER)
IF( [ER. NE. 1)TYPE" 2RDBLK #1".CLU." erro-: ", [ER
12LB-TLB-1
CALL XRDBLK(1,I2LBTEMP,1,IER)
IF( [ER. NE.1I)TYPE" IRDBLK 6,. r2LB." error: ".[ER
N1-4-Ml
N2-0
CALL CHANGE(N1.N2,Nl) ;finish TEMP block
CALL XRDDLK(iTLBoTEMP,1*IER)
IF(IER. NE. 1)TYPE" IRDBLA *". TLBs" error:', [ER
Ml -3-TSTOP
CALL CH-ANGE(MIN2Nl) ;finish BACK black to CSTOP
CALL XWRDLK(CH3. CLB. COMB, 1.[ER)
IF([ER. NE. 1)TYPE" WRBLK *".CLB." error: ", [ER
TYPE" CSTOP. OT. TSTOP--Last black of window complete."

500 [COUNTI1
C
C Finish the combined f11e (background onlyj portion)
C

JN[N-CLB+l
[F(JM[N.GT.63)9O 40 601 ;if finished STOP
IF(CH3. EQ.2)00 TO 601 ;if COMBINED-BACKGROUND. STOP
DO 600 J-JMIN.63

CALL RDBLK(2. J.BACK, 1. ER)
[F(IER. NE. IITYPE" 2RDBLK 0",J," error: ".[ER
CALL WRBLK (C43 J, COMO# 1, IER)
IF(IER.NE.1)TYPEN WROLK #",J." arror:".IER
ICOUNT-ICOUNT~l

600 CONTINUE
TYPE" Finished background only portion."'

601 TYPE" * blocks written: ".[COUNT
TYPE"C15>",1"(7>",1"(15>"." Program NMOVE execution completed. >
WRITE( 10. 2000)OUTF[LE( 1)

200 FORMAT(" The combined picture is in the fi1le- ",S13)
C

C***** Present Option menu ***.e 4***#*...,*
C

GO TO 2010
2002 TVPE"<15>0, "Input error. Try again. "
2010 YE(>"".**4.*.*E*4..ee*.e**'

TYPE(15)", "What next?(15>", "Here are the options:"
TYPE"(15>","<lI>i - Try another set of window values"
TYPE"C15>"."<11>2 - Start over with new input pictures"

C TYPE"(15>","<1i>3 - Display combined picture on the video monitor"
TYPE"(15>"."<l1>3 - Save combined picture and STOP<i5>"
ACCEPT"<ll)Enter option --- )> ".[OPT
IF(IOPT.EQ.1)QO TO 1
CALL RESET
[F([OPT. EQ. 2)00I TO 99
[PC [OPT. EQ.3)STOP
TYPE"<15>","Check monitor -- Press green CHOPS control

$button to continue.
[DCNT-4
[PARC l)in9999
IPAR(2)0O
WRITEC 10,3000)OUTFILEC I)

3000 FORMATC"0".,"Picture being displayed --- )> ".S13)
C CALL CHANNEL.CO.0.3.0.0."A".0.0.0. IE, [5) ;call abort
C CALL CI4ANNEL(3. 1,2.1, [DCNTOUTF[LE,64,. PAR. [ERR, [SYS)
C CALL ERCI4KC[ERR,1.[DCNT.1,ISYS)

TYPE"(15>", "CHANNEL currently not loaded. "
TYPE"Use VIDEO to display combined pictures. (15)"
CALL OPENClI, NF[LE1,2. [ER) ;re-OPEN channels

* [~~FC ER. NE. 1)TYPE"CHI RE-OPEN ERROR: ",[ER ,
CALL OPEN(2, INF[LE2,2. [ER)
[PC [ER. NE. l)TYPE"CH2 RE-OPEN ERROR: ". [ER
[F(CH3. EQ. 3)CALL OPEN(3*OUTFILE.2. [ER)
[FC [ER. NE. 1)TYPE"CH3 RE-OPEN ERROR ". [ER
GO TO 2010
END
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SUBROUTINE TEST(TOP, LEFT)

C
C Subroutine TEST checks to see if the input parameters
C to program NMOVE are legal, and modifies them if
C necessary. (It is also called by DISTANCE.)
C

INTEGER TOP, WIDTH
COMPON/LIST2/LENGTHo WIDTH
IF(LEFT. LT. 1.OR. LEFT. OT. 256)LEFT-l
MAXWIDTH-257-LEFT ;picture has 256 columns
IF(WIDTH. GT. MAXWIDTH. OR. WIDTH. LT. I)WIDTH-MAXWIDTH
IF(TOP. LT. 1. OR. TOP. GT. 256)TOP-i
MAXLENGTH-257-TOP ipicture has 256 rows
IF(LENOTH. GT. MAXLENGTH. OR. LENGTH. LT.I)LENGTH-MAXLENGTH
RETURN
END

C
C********* Subroutine TEST ***************4*********

.1

".*1
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K ~SUBROUTINE BLOCK(NUMBLOCKS. SLOCKi. LEFTSIDEJ COLUMN. TOP. LEFT)

C
C Subroutine BLOCK determines the total number of blocks to
C be read into the window. the first black to be read,
C and the first video row "column" number. This subroutine
C is called by NMOVE and DISTANCE.
C

INTEGER BLOCKl. COLUMN. TOP. REMAINDER. WIDTH
COMMON/LIST2/LENGTH, WIDTh
BLOCKlsINTU(TOP-I)/4.O) s4 rows per block

'-I COLUMN-MOD( (TOP-I), 4)
LEFTsIDE-LEFT
REMAINDER-MOD (LENGTH. 4)
KI-LENGTI+3
NUMBLOCKS-INT(KI/4. 0)
IF(REMAINDER. EQ.2. AND. COLUMN.CT. 2)NUtMSLOCKS-NUMDLOCKS+l
IF(REMAINDER. EQ.3. AND. COLUMN. CT. I)NUMBLOCKS-NUMBLOCKS.I

* ~IF(REMAINDER. EQ.0. AND. COLUMN. CT. 0)NUMBLOCKSNUMLOCKS+I
XF(NUMDLOCKS. CT.1I)RETURN
TYPE"WARNINO: * Blocks to be read -".,NUMBLOCKS
PAUSE
RETURN
END9

C
C*neee.#***.* Subroutine BLOCK *tete~n*e.ee..e*n
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SUBROUTINE CHANGE(JIIN, CSTART, TSTART)

C
C Written by Lt. Jim Cramer
C Subroutine CHANGE changes the corresponding background
C (i.e. the combined picture) pixels to template pixels;
C it is called by the program NMOVE.
C
C ****.***.***4**eee********.**********.***e**e*.***.******.***...**.**

INTEGER COMB( 1024), TEMP( 1024), CLS, TLS, CSTART. TSTART, WIDTH
COMMON /LIST2/ LENGTH. WIDTH
COMMON /LIST1/ COMB TEMP, CLS, TLS

C
DO 2 J-JMIN. 3

K-TSTART*256+TLS ;Set left side of input(template)
Mi CSTART*256 CLS ;and output (combined) windows.
KMAX-+WIDTH-1 ;Change value* over the width of window
DO I L-K, KMAX

COMB (M)TEMP (L)
1 NluM+1

TSTART-TSTART+1
2 CSTART-CSTART+1

IF(CSTART.EO.4)CSTART-0 ireset row-pointer if necessary
IF(TSTART. EQ. 4)TSTART-O
RETUJRN
END

C
C******.e * Subroutine CHANGE **#..*.* e*4*4*.,ee, .. ****.....4**~*

'A
4f
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SUBROUTINE XRDSLK(CN.J.FILE. I, lER)

C
C bi Lt. Jim Cromer
C Subroutine XRDDLK performs a RDDLK to the designated
C channel, reads a packed video file block, and
C returns an unpacked array.
C

INTEGER CX. FILE( 1024), VIDEO(256)
K-256t I
IF(J.GE.0.AND.J.LE.63)0O TO I
TYPE'ERROR: C7>DLOCK POINTER OUT OF BOUNDS IN XRDBLK"
TYPE" -'
STOP

I IF(X. EQ.1)GO TO 2
TYPE"ERROR IN C7>XRDDLK"
TYPE" * Blacks to be read -".I
STOP

2 CALL RDDLK(CXJ.VIDEO, I, ZER)
DO 3 L-1,M
DO 3 N-1#4

ICOUNTS5-M+(L-1 )*4
FILE(ICOUNT)-15. AND. VIDEO(L)
VIDEO(L)-ISNFT(VIDEO(L). -4)

3 CONTINUE
RETURN
END

C
C***.***. Subroutine XRDDLK .~*..ne.n~le.f
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SUBROUTINE XWRBL (CH, J. ILEI, ER)
C
C Given an unpacked video fle,. Subroutine XWRDLK
C will pack the array and warite it to the designated
C unit number.

V C

- INTEGER CHPFILE(1024)# VIDEO(256)
Kin256* I
CALL REPACKMF, ILE, VIDEO)
CALL WRDLK(CH,J,VIDEO. I.IER) p
RETURN
END

1A-2
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C PROGRAM NCOMB - DG FORTRAN 5 - BY CAPT ROBERT WELLS, DEC 1983

C THIS PROGRAM COMBINES UP TO FOUR VIDEO IMAGES (PACKED VIDEO
C FORMAT). EACH PIXEL OF THE INPUT IMAGES IS TESTED TO SEE IF
C IT IS NON-ZERO. THE VALUE OF THE FIRST NON-ZERO PiXEL OF THE
C INPUT IMAGES IS ASSIGNED TO THE OUTPUT IMAGE AT THAT PIXEL
C LOCATION. IF ALL INPUT IMAGES ARE ZERO. THE OUTPUT IS ZERO.
C THE OUTPUT IS STORED IN PACKED VIDEO FORMAT.

INTEGER INFNM1(7),INFNM2(7),INFNM3(7), INFNM4(7),OUTFNM(7)
INTEGER IN1(2048),I N2(2048), IN3(2048), IN4(2048),0UT(2048)
INTEGER TEMP(512), FLCNT

I FORMAT(S13)

-: .~2 ACCEPT"ENTER NUMBER OF FILES TO BE COMBINED ->",FLCNT
IF((FLCNT. LT. 2). OR. (FLCNT. GT. 4) )GO TO 2

, GO TO (2,4,3) FLCNT

ACCEPT"ENTER INPUT FILENAME ->"

READ( 11, 1) INFNM4(1)
CALL OPEN(5,INFNM4.1,IER)
CALL CHECK(IER)

.. 3 ACCEPT'ENTER INPUT FILENAME ->"
READ(11 1 )INFNM3(1)
CALL OPEN(4,INFNM3.1,IER)
CALL CHECK(IER)

4 ACCEPT"ENTER INPUT FILENAME ->"
READ( 11, 1) INFNM2( 1)
CALL OPEN(3. INFNM2, 1, IER)
CALL CHECK(IER)

ACCEPT"ENTER INPUT FILENAME ->"
READ( 11, I)INFNMI(1)
CALL OPEN(2, INFNMI1, 1, IER)
CALL CHECK(IER)

ACCEPT"ENTER OUTPUT FILENAME ->"
READ(11, 1)OUTFNM(1)
CALL OPEN(1,OUTFNM.3, IER)
CALL CHECK(IER)

DO 14 1-0.31 s COUNT FOR 2K BUFFER LOADS

GO TO (2,6,5) FLCNT

CALL RD9LK(5, 241, TEMP, 2, IER)
CALL CHECK(IER)
CALL UNPACK(512jTEP#IN4)

5 CALL RDBLK(4,2-1,TEMP,2.IER)
CALL CHECK(IER)
CALL UNPACK(512 TEMP. IN3)

6 CALL RDBLK(3,2*I,TEMP,2,IER)
CALL CHECK(IER)

.. CALL UNPACK(512, TEMP, IN2)

A-22
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PAGE 2

CALL ROBLK(2. 2.!.TEMP. 2.IER)
CALL CHECK(IER)

- CALL UNPACK(5t2. TEMP. INl)

* 0DO 13 J1I.20408 COJMBINING LOOP

00 TO (2.6,7) FLCNT

IF(IN4(J).NE.O)0O TO 9

7 IF(IN3(J). NE. 0)90 TO 10

a IF(IN2(J). NE. 0)00 TO 11

IF(INl(J). NE. 0)00 TO 12

OUT(J)QO ;ZERO IF ALL IN-FILES ARE ZERO

GO TO 13

9 OUT(.J)-IN4(J)
GO TO 13

10 OUT(J)U1N3(J)
* ., 00 TO 13

11 OUT (J) -INe (J)
GO TO 13

12 OUT(J)nINl(,J)

13 CONTINUE

CALL REPACK(512. OUT, TEMP)
CALL WRBLK(1.2*1.TEMP. 2. EN)
CALL CHECK(IER)

14 CONTINUE

* CALL RESET
* ... *: STOP '<77><77NCOM3"

END
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Notes on program INVERSE

Use: Two-dimensional inverse discrete fourier transform

Execution format: From CLI, command line is:

INVERSE inputfile/I Coutputfile/OJ #/N

Parameter explanations:

Inputfile: The input file must be in binary format, since a
RDBLK is used to read data from the file. The file is

assumed to contain complex data, must be square. and must

have a minimum length of 64. If the N by N array has N < 64,
the columns should be augmented with zeros so that each column

can be stored as one block of data. Thus, 
t
or N C 64, the

size of the input array must be 64 rows by N columns of complex

DFT samples. The origin of the frequency axes must be at
(N/2 * 1, N/2 + 1).

Outputfile: The output file specification is optional. If
no output file is specified, the inverse-transformed data is

written back into the input file, overwriting it. The output

.". data is complex and binary. Note: this program runs MUCH faster
% if Outputfile is NOT specified.

i 3 *: An integer must be specified to indicate the size of the

input array (N by N), which is the size of the DFT computed. N

must be a power of two, N C 512.

This program can be called from a DO fortran program since its
last line is a call to FBACK. For more information, see the
DO Fortran IV User's Manual, chapter I-5.

A-24
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Notes on program DIRECT

Use: Two-dimensional discrete Fourier transForm

Execution Format: From CLI, command line is:

DIRECT inputFile/I */N EoutputFile/0]

Parameter explanations:

InputFile: The input File must be in binary Format since a
RDBLK is used to read data From the input File. The input
file is assumed to contain complex data, with the imaginary
part zero. The input array is assumed to be square, with
a minimum row or column length oF 64. IF an array oF size
N < 64 is to be input, each column should be stored as one
block of data (i. e. 64 complex points) even though only
the First N complex numbers in the block correspond to actual
data points. Only N rows need be stored. Thus, For N ( 64,
the size oF the input array must be 64 by N columns.

*: An integer must be specified to indicate the size oF the
input array (N by N), which is the size oF the OFT
computed. N must be a power of two, N < 512.

OutputFile: The output File specification is optional. IF
no output File is specified, the transFormed data will be
written back into the input File, destroying the input data.
The output File is complex, and is in binary format. The origin
oF the DFT samples will be at location (N/2, N/2), and the rows
and columns will be transposed. Note: this program runs MUCH
Faster iF OutputFile is NOT specified.

This program can be chained From a DO Fortran program, since its
last line is a call to FBACA. For more information. see the
DO Fortran IV User's Manual, chapter 11-5.

"1
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C PROGRAM CMULT -DG FORTRAN 5 CAPT ROBERT WELLS, DEC 1983

C THIS PROGRAM PERFORMS COMPLEX CONJUGATE MULTIPLICATION OF TWO
C 256 X 256 COMPLEX FILES ON A POINT BY POINT BASIS.

INTEGER IIFLNM(7). I2FLNM(7),OFLNM(7)
INTEGER MAIN(7),MS(2)#S1(2).S2(2),S3(2)
COMPLEX INl(204S). 1N2(2048),OUT(2048)

CALL IOF(3. MAIN, I1FLNM. I2FLNM. OFLNM, MS, SI. 2. 3)

CALL OPEN(1. IIFLNM. 1.IER)
CALL CHEC&K(IER)
CALL OPEN(2. IZPLNM. 1. ER)
CALL CHECK(IER)
CALL OPEN(3.OFLNM,3. IER)
CALL CHECIK(IER)

DO 3 1-0,31

CALL RDDLK(1,32*I. IN1.32. IER)
CALL CHECK(IER)
CALL RDBLK(2. 32*1. 1N2, 32. IER)
CALL CHECVCIER)

DO 2 J-1. 2048
OUT(,J)-IN1 (J)*CONJC( N2('J))

2 CONTINUE

CALL WRDL)K(3.32*IOUT.32. [ER)

CALL CHECKCIER)

3 CONTINUE

CALL RESET
STOP CMULT
END
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C PROGRAM ADDCMP -DO FORTRAN -CAPT ROBERT WELLS, DEC 1983

C THIS PROGRAM ADDS TWO COMPLEX FILES TO GET ONE COMPLEX FILE.
C THE FILES MUST BE 256 X 256 COMPLEX FILES.

INTEGER AFLN(7)BFLNM(7),CFLNM(7),MAIN(7),MS(2).S1(2).52(2.,S3(2)
COMPLEX AMAT(256, 4). BMAT(256. 4). CMAT(256. 4)

CALL IOF(3. MAIN. AFLNM. DFLNI, CFLNM. MS., 82, S3)

CALL OPEN(1.AFLNM* 1.IER)
CALL CHECKC!ER)
CALL OPEN(2.3FLNM.LsIER)
CALL CHECKCXER)
CALL OPEN(3.CFLNM,3.IER)
CALL CHECK(IER)

DO 2 1-0,63

CALL RDBLK(1, 16*I,AMAT, 16. IER)
CALL CHECK(IER)
CALL RDBLK(2. 6164. MAT. 16, IER)
CALL CHECK(IER)

DO I K-1. 4
DO I J-1.256

CMAT(J. K)-AMAT(J. K)'.BMAT(J. K)

I CONTINUE

S CALL WRBLK(3. 164!. CMAT. 16. IER)
CALL CHECK(IER)

2 CONTINUE

CALL RESET
STOP "<7)<7C7>7>ADDCMP"
END

01
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U PROGRAM VDTOCP -DG FORTRAN 5 - CAPT ROBERT WELLS, DEC 1983 I
C THIS PROGRAM CONVERTS A 256 X 256 PACKED VIDEO FILE TO A

*C 256 X 256 COMPLEX FILE

INTEGER IFLNM(7).OFLNM(7)
INTEGER MAIN(7), P3(7). MS(2). 91(2), S2(2). S3(2)
INTEGER TEMP(512). IN(2048) II COMPLEX aUT(2o4e)

CALL IOF(2. MAIN, XFLNM. OFLNM.P3, MS SI, 92, 93)

CALL OPEN(I, IFLNM. 1. IER)
CALL CI4ECKCIER)
CALL OPEN(2. OFLNM. 3, IER)
CALL CHECK(IER) I
DO 3 ImO,31

CALL RDDLK( 1.2*1, TEMP. 2. ER)
CALL CHECK(IER)
CALL UNPACIK(512,TEMP, IN)

DO 2 J-1, 2048
OUT(J)-CMPLX(FLOAT( IN(J) ). 0.0)

2 CONTINUE 
-

CALL WRBLK(2. 32*1, OUT, 32. IER)

CALL CHECIK(IER)

3 CONTINUE S
CALL RESET
STOP VDTOCP
END
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C PROGRAM CPTOVD -DG FORTRAN 5 CAPT ROBERT WELLS, DEC 1983

C THIS PROGRAM FINDS THE MAXIMUM AND MINIMUM OF A 256 X 256
C COMPLEX FILE AND GIVES THE LOCATION OF THE MAXIMUM. ALSO. THE

IIC PROGRAM CONVERTS THE FILE TO PACKED VIDEO FORMAT BY PERFORMING
C A LINEAR SCALING TO THE RANGE OF 0 - 15 AND TRUNCATING.

INTEGER IFLNM(7).oFLNM(7)
INTEGER MAIN(7).F3(7h.MS(2).Sl(2).S2(2),S3(2)
INTEGER TEMP(512). OUT(2O4B8, IMAX. JMAX. MAXCOL. MAXROW
COMPLEX IN(2048)
REAL RMAG. MAXVAL. MINVAL. RANGE

CALL 10F(2,MAIN, IFLNM.OFLNMF3.MS.S1,52.S3)

CALL OPEN(1, IFLNM. 1, ER)
CALL CHECK(IER)
CALL OPEN(2*OFLNM.3. IER)
CALL CHECK(IER)

MAX VAL-0. 0
MINVAL-IE50

DO 3 1-0.31 ;FIND MAX AND MIN

CALL RDBLK( 1.32*1. IN. 32, IER)
CALL CHECK(IER)

DO 3 J-1. 2049

RMAG-CABSCIN(J))

IF(RMAG.LE.MAXVAL)GO To 2
MAX VAL-RMAO
IMAX-1
JMAX-J

2 IF(RMA. LT. MINVAL)MINVAL-RMAG

3 CONTINUE

RANGE-MAXVAL-MINVAL

MAXCOL-MOD( JMAX-1. 256)+1
MAXROW-9.IMAXeINT( (JPAX-1)/256)*1

TVPE"MAX COL - ".MAXCOL aREPORT MAX IMFO.
TYPE"MAX ROW - %,MAXROW

TYPE"MAX VAL - ".MAXVAL
TYPE"MIN VAL - ",MINVAL

DO 5 1-0.31

CALL RDBLK(1.32*1. IN.32, ZER)
CALL CHECK(IER)

DO 4 J-1,2049 
MNA)RNEOUT(J)-ANINT(15. 0*(CAUS(IN(J))-MNA)RNE

4 CONTINUE

CALL REPACIK(512. OUT. TEMP)
CALL WRBLK(2.2*IPTEMP,2, IER)
CALL CHECK(IER)

5 CONTINUE

CALL RESET
STOP "<7><7><7><7>CPTOVD"
END
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C PROGRAM STATISTICS -DO FORTRAN 5 -CAPT ROBERT WELLS, DEC 1983

C THIS PROGRAM COMPUTES THE MEAN AND THE MEAN DEVIATION FOR A
C NEIGHBORHOOD AROUND EACH PIXEL OF TH4E INPUT FILE (PACKED VIDEO

1~C FORMAT). THE NEIGHB3ORHOOD SIZE AND SHAPE ARE USER SELECTABLE.
C THE PROGRAM USES A FAST ALGORITH FOR COMPUTING THE MEAN.

INTEGER OFLNM(7). AFLNM(7). DPLNM(7)
INTEGER TEMP(512).ORIG(256.32).AVO(254.S),DEV(256.S)
INTEGER NASKSZ. SHAPEJ XOFF. VOFF.P1XROWd. UFRO)W.CaL. ROW
INTEGER MSUM. FCOLSM, NRMSUM. CHANGE
REAL MSKCNT

ACCEPT"ENTER ORIGINAL FILENAME ->" s GET FILENAMES
READ(11. 1)OFLNM(1)

*1I FORMAT(S13)
ACCEPT"ENTER AVERAGE FILENAMIE )

READ(11. 1)AFLNM(1)
* ACCEPT"ENTER DEVIATION FILENAME -

READ (11. ) DFLNM(1)

2 ACCEPT"ENTER MASK SIZE ->"*MASKSZ ;GET MASKSIZE AND SHAPE
IF( (MASKBZ. NE. 3). AND. (MASKSZ. NE. 5). AND. (MASKSZ. NE. 7). AND.

(MASKSZ. NE. 11). AND. (MAUKSZ. NE. 17). AND. (MASKSZ. NE. 25) )G0 TO 2
3 ACCEPT"CHOOSE MASK SHAPE: 0-HON. I-VERT. 2-SQUARE ->". SHAPE

AIF(tSHAPE. NE.O0). AND. (SHAPE.NME. 1). AND. (SHAPE. NE. 2))GO TO 3

CALL OPEN 1.,OFLNM. 1 ,IER) ,OPEN4 FILES
CALL CHECK(IER)
CALL OPEN( 2.AFLNM. 3.IER)

*CALL CHECK(IER)
CALL OPEN (3. DPLNM. 3.IER)
CALL CHECK(IER)

IF(SHAPE9. E. 0)00 TO 4 FIND X &Y OFFSETS
IF(HAPE.ES.1)GO TO 5
XCFF-(PIASKSZ- ) /2
YOFF-XOFPr
GO TO &

p.4 XOFF(KASZ-)/2
YOFFO0
GO To6
3XOFF-0
YOFPU(PIASKSZ-1 )/2

4 CONTINUE

M6OKCNNo(2*XFF.1)(2YFF*1) NO. OF PIXELS IN MASK

* iDO 7 1.1.512 sPILL IN AVG FILE BORDERS. TOP B OTTOM
iEM(1I)-65535

7 CONTINUE

CALL WRULK(2,O.TEMP,2sIER)
* .CALL CHECKCIEN)

CALL WRULM(2,2* TEMP.1.,IER)
CALL CHECK(IER)
CALL WRULK (2 &is TtMP ,2,.1ER)
CALL CHECM(IEN)
CALL WRBLK(2&3.TP 1.l#ER)
CALL CHICK(IER)
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PACE 2

DO S 1-1.512 ; FILL IN DEV FILE BORDERS. TOP & BOTTOM
TEMP(I)-O

8 CONTINUE

CALL WRDLKd3o 0.TEMP. 2. ER)
CALL CHECK(IER)
CALL WRUBLK(3. 2. TEMP. le IER)
CALL CHECK(IER)

4CALL WRLK (3 1 aTEP .2a KER)
CALL CHECK(IER)
CALL WRILK(3*63.TEMP*1.IER)

1,CALL CI4ECK(IER)

DO 9 1-0.3 iREAD IN FIRST 8 BLOCKS OF ORIG
CALL RD3LK(l 2*1. TEMP. 2. ER)
CALL CHECM(IER)
ROIJI61
CALL UtPACK(512.TEMP.ORIG(1.ROJ))

9 CONTINUE

msuNwo COMPUTE FIRST AVERAGING VARIlABLES
DO 10 1-0o 2*YOFP

.4 ROW-i3-YOFP+J
00 10 K-0. 2OXOFF

CML-13-XOFF+K
MSUMmMSJM+OR 10( COL, ROW)

10 CONTINUE

CHANGE-0
ROW-13+YOPP
DO 11 KmO. 2*XOF

COL- 13-XOFF+K
CHoE-0 ANGeO 10(COL. ROW)

.911 CONTINUE

NPR00UMBUM-CHANGE

DO 13 1-1.28 1 COUNT OF BUFFER LOADS

DO 12 3UFROW-1.S s ROW COUNT WITHIN 2K BUFFERS

P1 XR0WNG*I 3UF30W4
CALL DOROW(ORIG. AVG. 0EV.PIXROW. DUFROW. XOFF. VOFF. MSKCNT.

sUM NRMSM

TYPEOROW NUNDER: . PIXROW

.1'12 CONTINUE

CALL REPACK(512. AVG. TEMP) iWRITE 2K SUFFERS OF RESULTS
CALL WRUBLK2 21 +Is TEMP.a 2#. lER)
C"L CHECK 4 1m3)

CALREPACK 4512, 0EV. TEMP)
IICALL WBL43 2*11.TEMP. 2. IER)

CALL CIECK( ZEN)

CALL RD3L(12*I+&sTEMP2#IER) aREAD IN NEXT 2K OF 0310
CALL CHECA(IFW)
ROW-4'OD (01+24# 32) +1
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PAGE 3
CALL UNPACK(512. TEMP. ORIG(1.ROW))

13 CONTINUE

DO 14 DUFROW-mI. S 5DO LAST 2K BUFFER

P1 XROW-234+3UFROW
CALL DOROW(IORI10.AVG. 5EV.PIXROIJ. UFROW. KOFF, OFF. MUKCNT,

""a .NRNSUM)
TYPE"ROW NUMIEN:O. PIXROWd

14 CONTINUE

CALL REPACK( 512. AVG. TEMP)
* CALL WRDLK(2. 59. TEMP. 2. TER)

CALL CHECK(IER)
* CALL REPACK (512. 5EV. TEMP)

CALL WRBLK(3. 59.TEMP.2. ZER)
CALL CHECK(ZER)

CALL RESET
STOP STATS
END

0S
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SUBROUTINE DOROW(ORIG. AVG. DEY. PIXROW. BUFROW. XOFF. VOFF. fIKCNT,
a.' MSUMINRNSUM)

'9 INTEGER TEI9(5I2).ONIG(2%.#32),AVG(256.9l).DEV(256.9)

4 INTEGER XOFF. YOFF. PIXROW. DUFROW. ROW, COL
INTEGER MIUN. FCO)LSM. NRMSUN. CHANGE. PIXCOL. OSUM
REAL NSMCNT

DO 20 KI .12 i FILL. IN FIRST 12 PIXELS
AVO(K. BUPROW)in15
DEV (Ka DUFRO)-0

20 CONTINUE

DO 21 K-243.256 i FILL IN LAST 12 PIXELS
AVO(K. 3UFROW)-15

DE(,UFROW)-0

-'4 CHANGEO0
ROW#IOD(PIXROWe'YOFF-1. 32)+i
DO 22 KO#2XOFF

COL-13-XOFF.K
CHANGE-Ca ANG4 10 (COL. ROW)

22 CONTINUE

"CMSUU-NRMSUM4CHANE NEW MATRIX SUNM

aC CHANG -0
ROWMOD(PIXROW-YOFF-1. 32)+l
00 23 K-0,.2*XOFF

COLa 13-XOFF+M
CHANG6-CHANGE4.ORIG(COL. ROW)

23 CONTINUE

'4'NRNSUMMUM-CHANGE aNEW NEXT. ROW. MSUN

FCOLSNO a COMPUTE NEW FIRST COL SUIM
COL-13-XOPF
Do 24 %InOI2*YOFF

ROWUND(PIXROW-YFPJ-1, 32) +1
FCOLUN-FCOLSNOR 104COL. ROW)

4 24 CONTINUE

AVOC 13. 3IFROW)uANINT(MSUM/MSKCNT) aPIXEL 13 AVERAGE

D0 26 PIXCOL-14. 244 i AVG ROUTINE FOR PIXELS L4-244

CHANGE0O
CL=P IXCCL+XOFF

DO 25 J-0. 2*YOFF
lVOWOD(PIXROW-YOFF+J-1, 32) .1
CHANGE-CH ANGEO 104 COL# ROW)

25 CONTINUE

AVG (P1 XCOL. DUFROW) -AN INT( / SIMSKCNT)

COLP HNGMCLN - " aO.*

'a. CO- ZXCOL-XG% 4



DO 26 J-0, 2*YOFPC 
2

ROW-MOD(PIXROW-YOFF+J-1.32) +1
FCOLSN-FCOLSM4OR IGC L.,ROW)

26 CONTINUE

00 26 PIXCOL-13, 244 i DEVIATION ROUTINE

* DO0 27 J-O. 24YOF
ROW-OD (P1 XROW-YOFF+J-1.*32) .1
DO 27 K-C. 2.XOP

COL-PI XCOL-XOPF+K
DSUNI-DSUNADU(ORIQ(COL. ROWd)-AVG(PIXCOL. 3UFROW))

27 CONTINUE

0EV (P1XCOL. DUPROW)-ANI Ni' 4*DSUFIINSKCNT)

IF(DEVCPIXCOL. DUPROW). CT. 15)DEVCPIXCOL. DUFROW)-I5

26 CONTINUE

RETURN
END
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C PROGRAM KEDGE - DO FORTRAN 5 - CAPT ROBERT WELLS, DEC 1983

C THIS PROGRAM EDGES THE INPUT FILE (PACKED VIDEO FORMAT) WITH THE
C KIRSCH OPERATOR. THE COEFFICIENTS ARE NOT 5 AND -3 BUT THE RATIO
C IS S TO -3. THE COEFFICIENTS WERE REDUCED TO KEEP THE EDGE OUTPUT
C IN THE 0 - 15 RANGE. THE OUTPUT IS 256 X 256 PACKED VIDEO DATA.

INTEGER INNAT(256,32),OUTMAT(2S6, 16).TEMP( 1024), TOGGLE
INTEGER IFLNM(7), OFLNi(7)
INTEGER MAIN(7),F37),.M(2),81(2),82(2), 3(2)

CALL. 1F(P2, MAIN. IPLNM, OFLN.M F3, MS, S 52, 33)

CALL. OPEN(1, IFLNM, 1. IER)
CALL CNECK(IER)
CALL OPEN(2. OFLNM'. 3, IER)
CALL CHECK(IER)

DO 1 1-1.512 FILL FIRST AND LAST S ROWS OF
TEPP(I)-O a OF RESULTS WITH ZERO

1 CONTINUE
CALL WRLK2, 0. TP 2, IER)
CALL CMECK(ZER)
CALL WRLK2(2, 62, TEMIP, 2 IIER)
CALL CHECK(IER)

CALL RDLK(1O, TEP4,IE..) iREAD IN FIRST 16 ROWS
CALL CECK(IER)

,$, CALL UNPACK( 1024, TEMP, INlAT)

TOGGLE-O i FLAG TO SHOW BIFFER WRAP-AROUND

Q DO 5 1-1. 15 1 COUNTER FOR 4K BUFFER LOADS

CALl,. RDLK (I,4I-,TENP,4,IER) jREAD NEXT 16 ROWS
CALL CHECK(IER)

V:, CALL UNPACK(1024, TEIP, NfAT(I, 17-16*TOGGL))

DO 3 K-I, 16; COUNTER FOR OUTPUT BUFFER ROWS

DO 2 Jol.S & ZERO FILL FIRST/LAST S COLUtMNS
OUTMAT(J, K)iO
OUTMAT(J+24d K )"0

2 CONTINUE.

DO 3 J-9.248 ED GE THIS ROW
CALL EDQE3(J, K. TOGGLE. INMAT, OUTMAT)

3 CONTINUEI.: CALL REPACK( 1024. OUTMAT. TEMP)
CAL WRBILK(2 4*I-2. TEMP. 4 IER) ; WRITE 16 ROWS OF RESULTS
CALL. CHECK(IER)

IF(TOG L.EQ.1)GO TO 4
TOcI"a TOGGLE THE BUFFER WRAP-AROUND FLAG
00 TO 5

4 TOOMA[,,

5 CONTINUE

CALL RESET
STOP" <7"C7)C77KEDGE'

.1' "*,rEND
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'. ~SUBROUTINE EDGER3( J. K, TOGGLE. INMAT. OUTMAT)

INTEGER J. K.TOGGLED INMAT(256. 32). OUTMAT(256. 16)
INTEGER JI. J2, J3, Kb K2, K3
REAL As 3. C. Do Es.F. go H, MAXIM

IF(TOGGLE.EG.1)00 TO I

K2-K+S
K3M,+9

1 KI=MOD(K+22.32)+I
K2-MOD (K+23a 32) +1
K3-MOD(K+24. 32)+I

2 JI-J-1
J2-J
-J3-nJ4.1

A-0. "7*(INMATJ. Kl)IPAT(J2. KI)+INMAT(J3, Km)-
* 0. 400*( INMAT(J3. K2)+INNAT(J3. K3)+INMAT(J2. K3)+
*. INMtAT(JI.K3)+INI'AT(JI.K2))

B-0. 6"7*( INMAT(J2. KI)+INMAT(J3 KI )*INMAT(J3. K2) )-
* 0. 400-CINNAT(J3.K3).INMAT(J2#K3)*INMATCJ1.K3)+

C-0. 447*( INMAT(J3. Ki)+INMAT(J3. K2)*INMAT(J3. K31 )-
* 0. 40.(IMAT(J2.K3),INMATcJI.K3).I1NMAT(.D£,K2)+
+ INMATCJ1.K1).INNAT(J2,KI))

D-0. 67*(C I NMAT (J3# K2) + rdMAT (J3* K3) 4 1NMAT C J2, K3) )

+0. 400S(ltelAT(JI.K3).IN"iTtJ1.KA2)*INNIATCJI.Kl)+
+ ~INHAT(J2,Kl)+INPIAT(,43.Kl))

E-0. "7(INMAT(J3# K3) INMAT(J2. K3) INMATJ, K3)) -
A *~ 0. 400.( INHAT(,JI.K2),IINqAT(Jl. KI)+INMAT(J2. Ki .

+ INMATCJ3#KI).INPIAT(J3oK2))

PinG. 667.(INMAT(J2. K3).INPIAT(JI. K3).INMIAT(JI. K2))-
* 0. 400*(INMAT(JI.Kl).INMAT(J2,Kl)*INflAT(j3.KI)+
+ ItWIAT(J3. K2)+tNMAT(J3. K3))

0-0. &47.(INM4ATW1J.K3)IFSIAT(J1,K2),INqATqJl.KI))-
4 *+ 0. 400*(INIATCJ2.Kl),INMAT(J3.K1),INMAT(J3,K2)+

Is INHAT(j3oK3)+ItNqATCJRV3))

H. 47*(INNAT( 1J1K),INMATIJ1.K).INM4AT(j2K))-
* 0. 400-(IN~qTJ3.Kl).INMATJ3K2)+IMAT(J3.K3)*
+ INlfAT(j2sK3),IIUIAT(JI.X3))

MAX I NAAX 1(As e Do E, Fs. 0o H)

J OUTPIAT~jo K)-ANINT(MAXIM)

IP(OUTHAT(J.K).0T.15)OUThAT(J.K).I5 CHECK FOR CLIPPING

END
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C PROGRAM WEDGE - DO FORTRAN 5 CAPT ROBERT WELLS, DEC 19833

C THIS PROGRAM EDGES THE INPUT FILE (PACKED VIDEO FORMAT) WITH
C A MASK OPERATOR CALLED THE WEDGE OPERATOR. THE OUTPUT IS SEPARATED
C INTO FOUR 256 X 254 PACKED VIDEO FILES ACCORDING TO WH4ICH MASK
C PRODUJCED THE I"AXIMUM' VALUE. IF TWO MASKS OF DIFFERENT ORIENTATIONS
C PRODUCE THE MAXIMUM. THAT VALUE GOES TO B0TH OUTPUT FILES.

INTEGER INMAT(254. 14). T9MP(512), TOGGLE
INTEGER OMATI(2564.S).OMAT2(254.U).OMAT3(254.S),OMAT4(256,S)

INTEGER INFLNMC7).OFLNMI(7).OFLN12(7), OFLNM3(7). OFLNM4(7)

ACCEPT"ENTER INPUT FILENAME ->w
RlEADt11 1iIUNM

I FORMAT(S13)
ACCEPT"ENTER OUTPUT FILENAME *1 ->)
READ(11. 1)OFI.NMI(1)

A ACCEPT"ENTER OUTPUT FILENAME *2->
READ(11. I)OFLNM2( 1)
ACCEPT"ENTER OUTPUT FILENAME *3 -
READ(11. 1)OFLNM3(1)
ACCEPT*ENTER OUTPUT FILENAME * >

READ(11. 1)OFLNM4(1)

CALL OPENCI. INFLNM. 1.IER)
CALL CHECK(IER)
CALL OPEN(2.OFLNqI.3. IER)
CALL CHECK(IER)
CALL OPEN(3. OFLtW92.3.IER)

CAL OPEN(4# OFLNM13: ,IR
CALCHECK(IER)

CALL CHECK(IER)

DO 2 1-1. 254 FILL FIRST AND LAST 4 ROWS OF
TEMP(I)mO OF OUTPUT FILES WITH ZERO

2 CONTINUE
CALL WRBLX(2.O.TEMP. 1. ER)
CALL CHICK( KER)
CALL WR3LK(2. 43.TEMP. 1. ER)
CALL CHECK(IEN)
CALL WRBLA(3. 0.TEMP. 1. ER)
CALL CHECK( IER)
CALL WRULK(3. 43.TEMP. 1. IR)
CALL CHECK(IEN)
CALL WR3LK(40#;MP 1.lsEft)
CALL CIECK( ICR)
CALL WRULK(4# 63*TEMP, 1, IER)
CALL CIECKCIEN)
CALL WRDLK(5.O. TEMP. 1. ER)
CALL CIECK(IER)
CALL WR3LKS43s TEMP,.t I EN)
CALL CHECK(IER)

CALL RD9LKII.O.TEMP*2, IER) ;READ IN FIRST S ROWS
CALL CHECK(IER)
CALL UNPACK(512. TEP. INMAT)

TOOGLE-O i FLAG TO SHOW BUFFER WRAP-AROUND
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PACE 2

DO 5 InI.*31 ; COUNTER FOR 2K BUFFER LOADS

CALL RDBLK(12.I.TEIMP,2,ZER) iREAD NEXT S ROWS
CALL CI4ECK(IER)
CALL UNPACM(512. TEM. INMAT( 1. 9-S4TOQLE)

DO 3 K-1.6 i COUNTER FOR OUTPUT BUFFER ROWS
CALL WROWI (K. TOGLE. INMAT. ONATI. OMAT2. OPAT3. ONAT4)

3 CONTINUE

CALL REPACK( 512. ONATI. TEMP)
CALL WRBLX(2. 2*1-1. TEMP. 2. ER) WRITE S ROWS OF RESULTS
CALL CHECK(IER)
CALL REPACK (512. ONAT2. TEJP)
CALL WRDLK (3 2*-1 ,TEWP.2# ZER)
CALL CHECK(IER)
CALL REPACK (912. ONAT3. TEMP)
CALL WR3LK(4. 2.I1.TEMP.2. IER)
CALL CIECK(IER)
CALL REPACK(512. ONAT4. TEMP)
CALL WRLK(52iI-1. TEMP.2.IER)
CALL CHMCKCIER)

IF(TOOGLLE. 1)00 TO 4
TOGGLE-I i TOGGLE THE BUFFER WRAP-AROUND FLAG
00 TO 5

4 TOGGLE=O

5 CONTINUJE

CALL RESET

END
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PACE
SUBROUTINE WROWdI (K.TOGQLE.INMAT, OMATI, OMAT2. OIAT3. OMAT4)

INTEME K. TOGGLE. INMAT(25&. l6)MEDGE

REAL Al, A2, A3&A4. B1,382, 8334. Cl. C2, C3, C4, 01,.02. 03, D4. MAXIM

IF(TOGGLE.EQ.l)90 O I FIND INPUT BUFFER INDEXES
K l-Ki.3
K2-K*4
K3-Y..5
G0 TO 2

"1 I ft-MOD(K10.l4)+1

K3-MOD (K+12. 16) +1
2 CONTINUE

DO 3 Ji-1.4 sZERO FILL FIRST/LAST 4 COLUMNS OF RESULTS
OMATI (J. 10-0
OMAT I (J+252a K) -0
GMT2(J. 10-0
OIIAT2(J+252. 10
OMAT3(J. 10-0
OMAT3(,$252. 10-0
OMAT4(J.K)-0
OMAT4(J+252.K)uO

3 CONTINUE

00 4 J5.252 i EDGE THESE COLUMNS

O.-.30O*(INMAT(Jl.Kl)eINMIAT(J2Kl).INpqAT(j3.Kl),-

lNMAT(Jl.K3)*INMAT(J2.K3),INMAT(J3.K3))

0..300.( IMAT(Jl. KI )*INMAT(J2# K2)+INMAT(J3o K2)+
l4TJIKl)*INMAT(J.Kl)*INMAT(J2. K3))

* 32~9-0. &00*(INMT(J2,l.K)*INNAT(JI. Kl)INAT(J2. K) )-
* 0. 300(INMAT(JljKl)INAT(J2. K2)INMA~j:3. K3)+

* IMNltAT(,J2. KI)*INMAT(J3. KI)*INUIAT(J3. K2))

-'do. 6WfIMT,3 l*NA(J#K)IMT.~ 3)
*0. 3O~O*IrlT(J2 Kl)INMAT(J. K2)+INpgAT(j2.K3)+
* INMATWJ1.K1)+INMAT(J. K2)IPMgqT(Ji K3))
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PAGE 2

C2-O. &OO*(INMAT(J1,Kl)INMkAT(J1.I2),INMAT(JlK3))-
* .30O.CINMAT(J2,K)*INMAT(J2.K'2eINMATCJ2K3)+

* INMAT(j3,Kl).INMAT(J3.K2)+INMAT(J3.K3))

C3--Cl

C4--C2

01-0. &O0*( INNAT(Jl. K2).INMATCJI.KIl )+INMAT(J)2,K1())-
0 .300*(INMAT(Jl.K3)INIAT(J2.IK2).INMlAT(J3.Kl)+

* INMAT(J2.K3).INMAT(J.IK3).INIAT(j3,K2))

D2-0. &O0*(IN9AT(j2, K3)+INMAT(J3. K3)+INMAT(J3.KI2) )-
* 0. 30O*(INMAT(Jl.IK3),INMAT(J2,A2).INMAT(J)3.K1)+
+ INMAT(JI,K2).INMAT(JlKl)+INMAT(j2.Ki))

Da--Dl

D4--D2

MA X IM-ANA XI (AlI, A2 a A3 & A4 B 31, 32, 33, 834, C 1, C 2. C 3. C 4. D 1, D2, D3, 04)

OMAT (.J. K)iO
OMAT2(J. K)inO
OPIAT3(J. K)inO

I'- OMAT4(J. K)0O

MEGE-ANINT(PMAXIM) INTEGRAL EDGE VALUE

IF(MIEDGE. OT. 15)PEDGE-15 sTEST FOR OVERFLOW
IF(PMEDGE. LY. )MEDGE-0 AND UNDERFLOW

IF(Al. EQ. MAXIM. OR. A2. EQ. MAXIM. OR. A3. EQ. MAXIM. OR. A4. EQ. MAXIM)
OMAT1(%I.K)-MEDGE ;ORIENTATION 01

* IF(3l. EQ. MAXIM. OR. 32. EQ. MAXIM. OR. 33. EQ. MAXIM. OR. 34. EQ. MAXIM)
* OMAT2(J. K)-NDGE ; ORIENTATION *2

IF(CI. EQ. MAXIM. OR. C2. EQ. MAXIM. OR. C3. EQ. MAXIM. OR. C4. EQ. MAXIM)
** ONAT3(J.K)-NEDGE iORIENTATION *3

IF(DI. EQ. MAXIM. OR. D2. EQ. MAXIM. OR. D3. EQ. MAXIM. ON. 04. EQ. MAXIM)
+ OMAT4(J 5 K)-NEDGE a ORIENTATION *4

4 CONTINUE

RETURN

,1 END
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C PROGRAM TEDGE -DO FORTRAN 5 CAPT ROBERT WELLS, DEC 193 PG

C THIS PROGRAM DETECTS LINES IN THE INPUT FILE (PACKED VIDEO FORMAT)
C WI1TH A MASK OPERATOR FOR LINE DETECTION AT FOUR ORIENTATIONS.
C THE OUTPUT IS SEPARATED INTO FOUR 256 X 256 PACKED VIDEO FORMAT
C FILES ACCORDING TO WHICH MASK PRODUCED THE MAXIMUM VALUE. IF TWO OR
C MORE MASKS PRODUCE THE SAME MAX IMUM, THE OUTPUT GOES TO EACH

C RESPECTIVE FILE.

INTEGER INMAT(256. 16). TEIIP(512). TOGGLE
INTEGER OMATI(26SBOGAT2(25.S)OMAT3(25,a)OpgAT4(256.g)
INTEGER INFLNM(7).OFLNMI(7).OFLN42(7). OFLNM3(7). OFLNM4(7)

ACCEPT"ENTER INPUT FILENAME ->"
* READ(1l. 1)INFLM(I)

1 FORMAT(S13)
ACCEPT"ENTER OUTPUT FILENAME 01 )

READ(1l. l)OFLNM1(1)*1 ACCEPT*ENTER OUTPUT FILENAME #2 )

READ(11. 1)OFLNM2(1)
ACCEPT"ENTKR OUTPUT FILENAME 03 >

READ(I1. 1)OFLNM3(1)
ACCEPTW ENTER OUTPUT FILENAME *4
READ(11. l)OFLNM4(1)

CALL OPEN(1. INFLNM. 1. ER)
CALL CHECK(IER)

a CALL OPEN(2. OFLNMI, 3. ER)
CALL CHECK(IER)
CALL OPEN(3. OFLNM*.3. IER)
CALL CHECK(IER)
CALL OPEN(4. OFLNM3 3. IER)

'ItCALL CHECK(IER)
CALL OPEN(5. OFLNM4. 3.ZER)
CALL CIECK(IER)

DO 2 1-1,256 aFILL FIRST AND LAST 4 ROWS OF
TEMPCI)0 sOP OUTPUT FILES WITH ZERO

2 CONTINUE
CALL WRDLK(2,0.TEMP, I EN)
CALL CHECK(IER)

* CALL l.RULK(2&&3sTEMP. 1. EN)
CALL CHECK( KER)
CALL WRBLK (3a 0. T EMP.# I, I ER)
CALL CHECK(IER)

* CALL WR3LK(3. 63. TEMP. IER)
*CALL CHECK(IER)

CALL WRBLK(4.O.EMP 1. ZER)
CALL CHECK(IEN)
CALL WR9LK(4&63#TEMqP.1. lER)

*CALL CHECK(XER)
CALL WRBLK(5. 0. TEa 1. lot)
CALL CHECKI EN)
CALL WRBLK(5#63#TiP 1. KEN)
CALL CI4ECK(IER)

*CALL RDULM(1O.,TEMP,2.IER) ;READ IN FIRST 8 ROW
CALL CHECK(IER)
CALL UNPACK(512# EP INMAT)
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TOGGLE-O FLAG TO SHOW BUFFER WRAP-AROUND PC

D0 5 1-1,31 1COUNTER FOR 2PK BUFFER LOADS

CALL RDULK(1.2.I.TEMP#, EN) ;READ NEXT 8 ROWS
* CALL CHECK(IER)

CALL UNPACK(512. TEMP. ZNMAT(1.9-8OTOGOLE))

D0 3 K=I.6 U COUNTER FOR OUTPUT BUFFER ROWS
CALL TROWZ (K. TOGGLE. INMAT. OMATI. OMAT2. OUAT3. OMAT4)

3 CONTINUE

CALL NEPACK(512. ONATI. TEMP)
CALL WRLK(2.2.Z-I.TEMP,2.ZER) i WRITE 8 ROWS OF RESULTS
CALL CHECK(IER)
CALL REPACK(512. OMAT2, TEMP)
CALL WRLK(32.I-1.TEMP,2. ZEN)
CALL CHECK(ZER)

ft.CALL REPACK(512. OMAT3. TEMP)
CALL WRBLK(4. 2*1-1. TEMP 2. ZEN)
CALL CHECK(XER)
CALL REPACK(512. OMAT4. TEMP)
CALL WRBLM(5 2*1-1.. P. 2.ZEN)

4CALL CHECK(IER)

IF(TOGGLE.E.1)GO TO 4
TOGGLE1 TOGGLE THE BUFFER WRAP-AROUND FLAG

I GO TO 5
-q4 TOGGLE-O

5 CONTMINE

* CALL RESET
STOP M 7<7)<7)<7TEDGEw
END
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L .. 6I

SUBROUT INE TROW I (K, TOGGLE, I NMAT, OMATI1. OMAT2, OMAT3, OPIAT4)

INTEGER K, TOGGLE, INMAT(256.1) 1&As B. C. D. MAXIM
INTEGER OMATI(256.S),0MAT2C256.9).OMAT3(254.8),OMAT4(256S)

IF(TOOGLE.EQ.1)GO TO I iFIND INPUT BUFFER INDEXES

K2-K+4
K3inK+5
GO TO 2

I KI-MOD(K+lO.I6)+l
K2UMOD(K+11. I&)#l
K3-MOD(K+12. I6)*I

2 CONTINUE

*DO 3 J-1.,4 ZERO FILL FIRST/LAST 4 COLUMNS OF RESULTS
OMATI (J. K)-O
OPAT(J+252. K)-O
OflAT2(JK)-O
OM'AT2(J+252. K)inO
OM'AT3(J. K)0O
OI'AT3(J+252. K)inO
OMAT4(J. K)inO
OMAT4(J+252. K)inO

3 CONTINUE

DO 4 J-5. 252 iSEPERATE THE TEMPLATE EDGES

~J2-~J

OMT I WK)-0
OMAT2(J. K)-O
OMYT3(Js K)-0
OMAT4(J. 10-0

IF(INMAT(J2sK2). EQ. 0)00 TO 4 5CENTER PIXEL SHOULD NOT EQUAL 0

A-INMAT(J1. K2).INMAT(J2. K2)*INNAT(j3. K2)

D-INMAT(J1.KMI).INMAT(J2. K2)eINMAT(J3. K3)

9 CoINNAT(42.KlI).INMAT(J2. M2).INNAT(J2. K3)

DUINMAT(Jl. K3).INMAT(J2. K2).INMAT(J3. MI)

MAXIMUMMXOA. Be.Co W

IF(KAXIM. LT. 20)00 TO 4 TEST TO ELIMINATE NOISE

'1IFr(A. EQ. MAXIM)ONT(J. K)-I 5 1 ASSIGN EDGE VALUE TO
aPROPER OUTPUT BUFFER(S)

IFID. EQ. MAXIM)OMAT2(J. K)1I5

I IF(C. EQ. MAXIM)OMAT3(J. M)inI

.5 IF(0. EQ. MAXIM)Ol4AT4(Js K)-15

4 CONTINU

9 RETURN
END
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C PROGRAM HAMI (SPATIAL CLUSTER RECOGNITION ALGORITHM)
C (PARTIALLY IMPLEMENTED HERE)

INTEGER MAIN(7),IFLNM(7),F2(7),F3(7).MS(2),SI(2),S2(2).S3(2)
REAL INMAT(12S. 32), OUThAT( 129, 16). ENPCT. EDPCT. ENTHR. EDTHR

CALL IOF( 1.MAIN. IFLNM. P2.F3. MS.Si, 52,S3)

CALL OPEN(1. IFLNM. 1. ER)
CALL CHECK(IER)
CALL OPEN(2. "ENHC. IR,2. JER)
CALL CHECK(IER)
CALL OPEN(3, "PTHR. JR"9 3,IER)

* -CALL CHECK(IER)
CALL OPEN(4s*EDGE. JR",2. ZER)
CALL CHECK(IER)
CALL OPEN(5. "DTHR. JR" 3. IER)

*CALL CHECK(IER)
CALL OPEN(6. "CTHR. ZR", 2. IR)
CALL CHECg(IER)
CALL OPEN(7, "CONN. ZR", 2. IR)
CALL CHECK(IER)

C ENHANCED IMAGE IS FORMED FROM ORIGINAL IMAGE

CALL NHANCE( 1.2. INMAT. OUTMAT)

V ENPCT-I. 0

CALL THRESH(2. 3. ENPCT. ENTHR. INMAT)

0C EDGED IMAGE IS FORMED FROM ENHANCED IMAGE

CALL EGIMAG(2,4,INMATaUTMAT)

EDPCT-1. 0

CALL THRESH(4. 5.EDPCT. EDTHR. INMAT)

*C EDGED IMAGE IS REDUCED BY CONJUNCTIVE THRESHOLDING

CALL CONJUN(2, 4, 6. ENTHR, EDTHR. INMAT. OUTMAT)

C EDGED IMAGE IS REDUCED BY CONNECTEDNESS TEST

CALL CONNEC(6. 7.INMATe OUThAT)

CALL RESET
STOP C7)(7C7>7>HAMl"
END
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S SUBROUTINE NHANCE( INFIL, OUTFIL. INMAT, OUTMAT)

INTEGER INFIL. OUTFIL. TOGGLE
REAL INMATCI26,32),OUThAT(128, 16)

00 1 K-1.8 FILL FIRST AND LAST S ROWS OF
DO 1 i-1. 123 i RESULTS WITH ZERO

OUThAT(JK)-O. 0
1 CONTINUE

CALL WRDLK(OUTFIL, 0.OUTMAT. S.IER)
CALL CHECK(IER)
CALL WNBLK(OUTFtL. 120. OUTMAT. S. ER)
CALL CHECK(IER)

CALL RDBLX(INFIL.OINIATP16.IER) iREAD IN FIRST 16 ROWS
CALL CHECK(IER)

TOGGLEsO FLAG TO SHOW BUFFER WRAP-AROUND

DO 5 1-1.7 aCOUNTER FOR 4K SUFFER LOADS

CALL RDDLK(INFIL, 16*1. INMAT(1. 17-16*TOGGLE). 16. ER)
CALL CHECK(IER) a READ IN NEXT 16 ROWS

DO 3 K-1,16 a COUNTER FOR OUTPUT BUFFER ROWS

DO 2 .1-1.8 ZERO FILL FIRST/LABT S COLUMNS
OUThAT (.j K)i-0

* OUThAT(J+120. K)SO
2 CONTINUE

DO 3 J-9.120 i ENH4ANCE THIS ROW
CALL NHANCI (J.K. TOGGLE. INIAT OUTMAT)

3 CONTINUE

CALL WRBLK(OUTFIL. 16.I-.@OUTMAT. 16, IER) WRITE 16 ROWS
* CALL CHECK(IER) aOF RESULTS

IF(TOGGLE.EQ.1)GO TO 4
TOGGLE-I TOGGLE THE BUFFER WRAP-AROUND FLAG
GO TO 5

4 TOGGLEO0

5 CONTINUE

TYPE"ENHANCED IMAGE COMPLETEO

RETURN

END
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SUBROUTINE NHANC I(J. K.TOGGLE. INIAT. OUTtIAT)

INTEGER J. K. TOGGLE. J.l. J2. J3 Ki. K2, K3
REAL XNMAT(128,32).OUTMAT(129. lb).A.D.C.D.EFQH

XF(TOQGLE. EQ. 1)00 TO I

K2-K+S
K3-K+9
00 TO 2

1 K1I'I0D(K+22,32),1
K2P10D(K+23. 32)+1
K3-MID(K+24. 32)+t

* 2 JlJ-1
J2-J
J3-%J~t

+ (INMAT(J)3.K2).INMAT(J3,K3).INMAT(J2.K3)+
+ INAT(jlK3)+INMAT(Jl.K2))

BmIO*( INNAT(J2. Ki)+INflAT(J3.KPd)*INMAT(J3. K2) )-
+ (INMAT(J23.K3).INMAT(J2.K3)+INM'AT(JI.K3)+
+ INflAT(J1. K2)eINMAT(..KI))

C-10*(INMAT(J3.Kld)*!NNAT(J3. K2)eINIAT(J3. K3) )-
* (INMAT(42.K3).INM'AT(J1.K3)+INflATCJ1.K2)+
+ INMAT(%I1.Kl).INMAT(J2.K!))

D-10*(XNPIAT(J3.K2).INNIAT(J3.K3).INMAT(J2,K3))-
+ (INM'AT(J.K3)INAT(JK).NMAT(J1,Kl)+

+ INNAT(J2.I)+INMAT(J3,Kl))

EwIO.( INMAT(J)3. K3)+tNNAT(J2. K3)*INMAT(JI. K3) )-

+ INI1AT(j3.K1)INM'AT(~j3.VK2))

P.10.1 INMAT(J2. K3)+INMAT(J1, K3)*IN9AT(JI. K2) )-
+ (INIAT(JIKl)*INMAT(J2.Kl).INflAT(J3,Kl)+
41 IW1AT(J3.K2)+INMAT(J3.K3))

GmI0*(INMAT(Jl.K3)+INMAT(Jl.K2)+INAT(JI.K1))-
*- (INNAT(J2.Kl)*ItNlAT(J3.KI).INIIAT(42.K2)+
+ INfAT( 4 3.K3)+INMAT(J2,K3))

HMlO( INMATIJI. K2)eINMAT(JI. KI )INflAT(J2 KI) )-
+ (INNAT(J3.K1).IN"ATJ3,K2)*INNAT(J3.K3),
+ INMAT(J2. M3)+INMAT(Jl. K3))

OUThAT(J. K)-ANAX1 (A. D.C. 0.EFP.O.H)

RETURN

END
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SUBROUTINE THRESH(INFIL,OUTFILPCTTHRLD, INMAT)

INTEGER INFIL, OUTFIL
REAL PCTTHRLD, INMAT(128,32),RSUMAVODEV

RSUM-O. 0 J GET SET TO FIND AVERAGE
CALL RDBLK(INFIL, 16, INlAT, 32, IER)
CALL CHECK(IER)
DO I K-3, 32 i COUNTER FOR INPUT BUFFER ROWS

DO I J,-17. 112 i COLUMN COUNT
RSUM-RSM+INPWAT ( JK)

I CONTINUE
CALL RDBLK( INFIL, 48 INMAT, 32, TER)
CALL CHECK(IER)
DO 2 K-i 32 ; COUNTER FOR INPUT BUFFER ROWS

DO 2 J-17, 112 ; COLUMN COUNT
RSUMRSUM+ I NMAT( J. K)

2 CONTINUE
CALL RDBLK(INFIL. 80, INMAT, 32, TER)
CALL CHECK(IER)
DO 3 K-I. 30 i COUNTER FOR INPUT BUFFER ROWS

DO 3 J-17, 112 ; COLUMN COUNT
RSUM-RSUM+INMAT (.J. K)

3 CONTINUE

AVG-RSUM/ (96*92)

RSUM-O. 0 GET SET TO FIND DEVIATION
'. CALL RDBLK( INFIL, 16. INMAT. 32. IER)

CALL CHECK(IER)
DO 4 K-3. 32 s COUNTER FOR INPUT BUFFER ROWS

DO 4 J-17, 112 i COLUMN COUNT
RSUI-RUMJU( INAT(J, K)-AVQ)**2

4 CONTINUE
CALL RDBLK(INPIL 46, INMAT, 32, IER)
CALL CHECK(IER)
DO 5 K-I. 32 ; COUNTER FOR INPUT BUFFER ROWS

DO 5 J-17, 112 i COLUMN COUNT
RSUM-RSUN*( INMAT(J, K)-AVQ)**2

S COT I NUE
CALL RD3LK( INFIL, 80, INMAT, 32, IER)
CALL CHECK(IER)

* DO 6 K-I.30 s COUNTER FOR INPUT BUFFER ROWS
DO 6 J-17, 112 i COLUMN COUNT

RSUM-RUlUM.( INMAT(J, K)-AVG)**2
6 CONTINUE

DEVS RT (RUM/ (9692))

THRLD-AVO.PCT*DEV

TYPETHRES4OLD - ", THRLD

.5 DOI- 1.3

CALL RDLK(INFIL, 3201, INMAT, 32o TER)
CALL CHECK(IER)

00O7 K-l.32
DO 7 J1,120

IF( INMAT( J K). LE. THRLD) INMAT(J, K)-O. 0
S7 CONTINUE

CALL WRILK(OUTFIL. 321. INMAT. 32. IER)
CALL CHECK( lIER)

S CONTINUE

RETURN
END
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SUBROUTINE EGIMAG( INFIL, OUTFIL, INMAT, OUTMAT)

INTEGER INFIL.OUTFIL TOGGLE
REAL INMAT(128.32), OUTMAT(128, 16)

DO I KlS ; FILL FIRST AND LAST S ROWS OF
DO I J-1,128 ; RESULTS WITH ZERO

OUTMAT(J, K),-O. 0
1 CONTINUE
CALL WRBLK(OUTFIL,O.OUTMAT, 6,IER)

"- CALL CHECK(IER)
CALL WRBLK(OUTFIL, 120. OUTMAT. S. IER)
CALL CHECK(IER)

CALL RDBLK(INFIL,OINMAT,l6#IER) ;READ IN FIRST 16 ROWS
CALL CHECK(IER)

TOGGLEmO £ FLAG TO SHOW BUFFER WRAP-AROUND

DO S I-1i,7 ; COUNTER FOR 4K BUFFER LOADS

CALL RDBLK(INFIL, 16*1, INMAT(. 17-16*TOGGLE), 16, IER)

CALL CHECK(IER) ; READ IN NEXT 16 ROWS

DO 3 K-I. 16 ; COUNTER FOR OUTPUT BUFFER ROWS

DO 2 J-1,1 ; ZERO FILL FIRST/LAST 8 COLUMNS
OUThAT (Jo K) -0
OUT'AT(J+120, K)-O

*2 CONTINUE

DO 3 J-9,120 ; ENHANCE THIS ROW
q ~CALLJ EDGER1 (,JK, TOGQE, INMATOUTMA4T)

3 CONTINUE

CALL RBLK(OUTFL,16eI-8.OUTMAT,16°IER) ; WRITE 16 ROWS
CALL CHECK(IFR) ; OF RESULTS

IF(TOGGLE. 10. 1)00 TO 4
TOGGLE-I TOGGLE THE BUFFER WRAP-AROUND FLAG
GO TO 9

4 TO GLE"O

5 CONTINUE

TYPE"DGED IMAGE COlWPLETE"

4' RETURN
END

*o-
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I !F(TOGGLE.EQ. I ) 0 TO I

K2-14+
K3-K+9
00 TO 2

1 KI-MIO(K+22.32)+l
* K2=MID(9+23. 32) .1

K2-f'ID(K+24. 32)+I

* 2 Jlm1J-1
J2-,
J.3-'J.I

+ 3*(ZNPIAT(J3.K2)eINMAT(J3.K3)INMtAT(J2,K3)+
+ INMAT(JlK3)+INIIAT(Jl.K2))

D-5*(INMAT(J2.KI).ZNMAT(J3.KI)*INMAT(J3. K2) 3-
* 3*(INKAT(,J3.K43)+INflAT(,2.K3)*INMAT(JlK3)+
+ JN4MAT(JlK2)INM'AT(Jl.Kl))

C.54( XNMAT(J3. KI ).INAT(J3. K2)*INPIAT(J3. K3) 3-
* 3*(INNAT(J2,K)INIAT(4 Jl.K3)*INIIAT(JlK2)+
+ INMAT(JI.Kl)+INMAT(J2.Kl))

D-*(XNAT(J3.K2).XNNAT(J3.K3)*INMAT(J2,K3))-
+3*(INpIAT(JIK3),uIgqATtJfl.2)*IN4MAT(J1IKl)+
+ INPAT(.J2Kl)+INMAT(J3#Kl))

E-9*(INPIAT(J3. K3).INNAT(J2. K3)+INNAT(JI. K3) 3-
+ 3.(INflAT(Jl.K2).INMAT(JI.K)eINAT(.J2,KI)+
+ INMAT(1)3.K1)+INMAT(.J3.K2))

F-5*(XNMAT(J2. K3).XNNAT(Jl.K3).INPIAT(Jl. K2) )-
* 3*(INPAT(JI.Kl)+INMAT(J2.Kl)+INMAT(43,Kl)+
+ INMAT(J3. K2)+INMAT(J3. K3))

0-5.4 INMAT(Jl. K3).INMAT(JI.K2)eINMAT(JIl.i) 3-
* 3.(INMAT(J2,KI)+INMAT(J3.KI)*INUYAT(J3.K2)+
+ lNMAT(J3.K3)+lNMAT(J2.K2))

4.544 INMAT(J1. K2).INMAT(Jl. KI)+!NMT(J2, KI))-
* 3*(INPIAT(J3.KI).INNAT(J3.K2)+IN'AT(J3.K3)+
+ lNMAT(J2,K3)+INMAT(Jl.K3))

OU1I'AT(J. K)-ANAXI (A. .C.D. E.F. 0.1)

RETURN
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C... SUBROUTINE CONJUN(FILE1. FILE2. FILES. ENTHR. EDTI4R.INHAT. OUTMAT)

INTEGER FILEl. FILE2. FILE3
REAL ENTHR.EDTHR. INMAT(125,32),OUTMATC12S. 16)

DO 1 K-1. 16 ZERO FIRST/LAST 16 ROWS
A DO I J-1. 128

OUTMAT(J.K)-0. 0
1 CONTINUE
CALL WRBLK(FILE3. 0.OUTMAT.t16.IER)
CALL CHECK(IER)
CALL WROLK(FILE3. 112, OUThAT. 16. IER)
CALL CHECK(IER)

DO 5 1-1,6 1 COUNTER FOR 4K BUFFER LOADS

CALL RDDLK(FILEI, 16*1. INMAT(1.1). 16.lEN) ;READ 16 ROWS
CALL CHECK(IER)
CALL RDBLK(FILE2. 16*1. INMAT(1. 17). 16. lEN) £READ 16 ROWS
CALL CHECK(IER)

DO 4 K-1. 16 ;COUNTER FOR OUTPUT BUFFER ROWS

* DO 3 J-17, 112 iAPPLY CONJUNCTIVE THRESHOLD TEST
IF( INMAT(J. K). OT. ENTHR. AND.

+ INNAT(J.K+16).T.EDTHR)QO TO 2
OUThAT (J, K) -0. 0

-a.' O0 TO 3
2 OUTAT (J.K) -15. 0
3 CONTINUE

DO 4 J-1,16 ZERO THE PERIMETER
OUThAT(J. K)inO

OUTMAT(J+112. K)0O

4 CONTINUE

CALL WRBLM(FILE3,16*1,OUTMAT,16.IER) ;WRITE 16 ROWS
CALL CHECK(IER)

5 CONTINUE

DO 6 K-1. 2 5ZERO THE PERIMETER
DO 6 J-1. 129

WUThAT(J. 1)-C. 0
a..*6 CONTINUE

CALL WROLK(PILE3. 16. OUThAT. 2.ZER)
CALL CH6CK( ZEN)

* -~~ CALL WR$LX(FILE3. 110. OUThAT. 2. EN)
* CALL CHECM(IER)

TYPENCON'JUNCT lYE THRIUHIOLDING DONE6

RETURN
END
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SUBROUTINE CONNEC(INFIL, OUTFIL, INMAT, OUTMAT)

INTEGER INFIL, OUTFIL, TOGGLE, ICNT, JCNTIL REAL INMAT(128,32),OUTMAT(128, 16)

JCNTl1 ; COUNTER FOR TEST LOOP COUNTING
1 ICNT"O ; COUNTER FOR TEST STABILITY

CALL RDLK(INFIL, OsINMAT, 16. IER) ;READ IN FIRST 16 ROWS
CALL CHECK(IER)

IFCJCNT.GT.I)INFIL-OUTFIL ;OPERATE ON SAME FILE AFTER FIRST LOOP

TOGGLE-O i FLAG TO SHOW BUFFER WRAP-AROUND

DO 5 Ii,7 ; COUNTER FOR 4K BUFFER LOADS

CALL RDBLK(INFIL 16*1, INMAT(1. 17-16*TOGGLE), 16. IER)
CALL CHECK(IER) ; READ NEXT 16 ROWS

DO 3 K-i. 16 a COUNTER FOR OUTPUT BUFFER ROWS

DO 2 J-1.S ; ZERO FILL FIRST/LAST 8 COLUMNS
OUTNAT(J, K)0.0
OUTAT(J+120. K)O. 0

2 CONTINUE

DO 3 J-9, 120 a TEST THIS ROW FOR CONNECTIVITY

CALL CONECi (J, K, TOGGLE ICNT INE AT, OUTP AT)

3 CONTINUE

CALL WRBLK(OUTFILo16*I-S.OUTMAT,14.IER) ; WRITE 16 ROWS
CALL CHECK(IER) £ OF RESULTS

IF(TOGGLE.EG 1)GO TO 4
'5 TOGGLE-1 TOGGLE THE BUFFER WRAP-AROUND FLAG

GO TO 5
4 TOGGLE-O

5 CONTINUE

DO 6 K-I.E a ZERO FILL FIRST/LAST S ROWS
DO 6 J1. 129

OUT AT(J, K)-O. 0
& CONTINUE

CALL WRLKtOUTFIL, 0. OUTMAT, S, IER)
CALL CHECK(IER)
CALL WRBLK(OUTFIL, 120, OUT AT, S. IER)
CALL CHECK(IER)

JCNT-JCNT*I

IF(ICNT. NE. O)GO TO I a CONNECTIVITY TEST HAS NOT STABILIZED

TYPE"CONNECTIVITY TEST DONE AT LOOP 00, JCNT-1

RETURN
END
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SU13ROUTINE CONEC (J. ,TOGGLE. ZCNT, INtIAT, OUTMATl

INTEGER J, K. TOGGLE. ZCNT
REAL INMATC12U.32).DUTMAT(12, 16)
INTEGER J.JJ2.4~3. Ki.K2. K3.NCNT

IF(TOGOLE.E.1)GO TO I
KI-K+7
K2-K+U

K3-M.9
00 TO2

1 KlaMODK22..32)+i
lk2=,OD ( K23. 32)+.1
K3-PIODK.24,32)+1

2 .JI--
~J2mmJ
J3wJ*Ii.94 (,2,l)NE.O.)C~NN~

INCRET.L.2NT COTTE TO3odCAG

3 OUTATJ.K)-O

5CONT INUE

U,, RETURN
END
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C PROGRAM HAM21 (SPATIAL CLUSTER RECOGNITION ALGORITHM)

ITGRMAXN(7),IFLNM(7),F2(7),F3(7)MS(
2 )Sl(2 ),S2 (2 ), 3 (2 )

REAL INMATC 128.3,OTA12,6ENCEDT

CALL IOF(1,MAIN, IFLNM,F2,F3.MSgI,S2.S3)

CALL OPEN(1. IFLNM, . ZER)
CALL CHECR(IER)
CALL OPEN(2. "ENHC. IR".2. ER)
CALL CHECK(IER)
CALL OPEN(3. "NTNR. TH".2.ZER)
CALL CHECK(IER)
CALL OPEN(4, wNTHR. ZR". 3. ZER)
CALL CHECK(IER)
CALL OPEN(SD "EDGE. IR-.2. ZER)
CALL CHECK(ZER)
CALL OPEN(&. "DTHR.TH". 2. ER)
CALL CHECK(IER)
CALL OPEN(7, "DThR. IR'.3. ZER)
CALL CHECK(ZER)
CALL OPEN(S."CTHR. ZR".2.ZER)
CALL CHECK(ZER)
CALL OPEN(9. "CONN. ZR".2, ZER)

-. CALL CHECM( ZEN)

C ENHANCED IMAGE IS FORMED FROM ORIGINAL IMAGE

CALL WHAKCE 1. 2, 1NMAT, OUTMAT)

0 ENPCT-1. o

MASKSZ-17

CALL LThRSH(2.3, 4.MASKSZ. ENPCT. INPIAT. OUTMAT)

C EDGED IMAGE IS FORMED FROM ORIGINAL IMAGE

CALL EGIMAG 1. 5, INMAT, OUTMAT)

EDPCT-1. 0

CALL LT)4RSN(5, 4.7.MASKSZ. EDPCT. INMAT, OUThAT)
C EDGED IMAGE IS REDUCED BY CONJUNCTIVE THRESHOLDING

CALL LOCONJ(2. 3, 5.6. 6.INMAT. OUThAT)

C EDGED IMAGE 18 REDUCED BY CONNECTEDNES TEST

CALL CONNEC CS.Y.INMAT. OUThAT)

CALL RESET
STOP -7<7)7)<7>Cr>Aq21
END
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SUBROUTINE LTHRSH( INFILE. OFILEI. OFILE2. NASKSZ, PCT. INMAT, OUTMAT)

INTEGER INFILE. OFILEI. OFILE2,MtASKSZ TOGGLE. OFF
REAL PCT. INMAT( 128. 32).*OUTMAT( 128. 16), MSUM, NRSUM. CHANGE

DO 1 K-1.8 FILL FIRST AND LAST 8 ROWS OF
DO I J-1, 129 THRESHOLD IMAGE WITH CONSTANT

1 CONTINUE Km.0
CALL WRBLK(OFILEI*,0,OUTAT.,SIER)
CALL CHECK(IER)
CALL WR3LK(OFILEI. 120. OUTTIAT,.I ER)
CALL CHECK(IER)

CALL RDBLK(INFILE,0. INMAT#32. ZEN) ;READ IN FIRST 32 ROWS
CALL CHECK(IER)

OFF-(MASKSZ-1)/2
MSUMNO. 0
DO 2 K-O,MASKSZ-1 iINITIALIZE AVERAGING VARIABLES

DO 2 JOMASKSZ-1
MSUNNMSUM+ INMAT (9-OFF.J. Y-OFF+K)

2 CONTINUE
CHANGEO0
DO 3 Jin.MASKSZ-1

CHANGE-CHANGE*INM4AT (9-OCFF+J. 9eOFF)
3 CONTINUE

NRSUMIMSUM-CHANGE
TOGGLEwO ; FLAG TO SHOW PUFFER WRAP-AROUND

DO 4 K1,16 ; COMPUTE THRESHOLD FOR FIRST 16 ROWS (4K)
CALL THROWI (K. MASKSZ. TOGGLE. NRSUM. PCT. INMAT. OUTPIAT)

4 CONTINUE
a.. CALL WR9LK4(OFILEI.S.OUTMAT. 16. EN) i WRITE RESULTS

CALL CHECK(IER)

TOGGLE. I
DO 7 1-2.7 1 COUNTER FOR 4K BUFFER LOADS

CALL RDBLK(INFILEP 16*1, INMATC 1, 17-16*TOGGLE). 16. IER)
CALL CHECK(IER) i READ IN NEXT 16 ROWS

DO 9 X-1. 16 ; COUNTER FOR OUTPUT BUFFER ROWS
CALL THROWI (K. MASMSZ. TOGGLE, NRSUM. PCT. INIIAT. OUTMAT)

5 CONTINUE
CALL WN3LK4(OFILEZ. 16.I-9*OUThAr.16, lER) i WRITE 16 ROWS
CALL CHECK(SER)

IF(TOGGLE.EGI.I)GO TO &
TOGGLE-I ; TOGGLE THE BUFFER WRAP-AROUND FLAG
GO TO 7

6 TOGGLE-0
7 CONTINUfE

DO 9 1-0, 7 ; FORM THRESHOLDED IMAGE

CALL RDlLK(OFILEI.*1. IINMAT. 16. lEN)
CALL CHECK(IER)
CALL RDDLK(INFILE, 16*1.OUThAT 16. lER)
CALL CHECK(IER)
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PACE 2
DO 8 K-1, 16

DO 8 J- to 129
IF(OUTMAT(J. K).LIE. INMAT(J. K) OUTMATCJ. K)-O. 0

8 CONTINUE

CALL WRILK(OPILE2. 1h*1.OUTMAT, 16. RER)
CALL CHECK(IER)

9 CONTINUE

TYPE"THRESHOLD MATRIX COMPLETE"
RETURN
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SUBROUTINE THROWI (K, MASKSZ. TOGGLE. NRSUM. PCT, INMAT. OUTMAT)

INTEGER K. MASKSZ. TOGGLE, OFF
REAL NRSUM. PCT. INtIAT( 129, 32), OUTMAT( 1219.16)
REAL FCOLSM. CHANGE, ASUM, AVG. DSUM. DEV

IF(TOGGLE.EO.1)GO TO 1 i INITIALIZE INDEXING VARIABLES
K 1-7
GO TO 2

1 K~I-23
2 CONTINUE
OFF-(MASKSZ-1 )/2

DO 3 J-1.8 FILL FIRST/LAST EIGHT PIXELS WITH CONSTANT
OUThAT(J. K)-1. 0
OUTMAT(J+120. K)-1. 0

3 CONTINUE

CHANGEO.0 FIND NEW MATRIX SUM
DO 4 Iu0,MASKSZ-1

CHANGE-CHANGE+INMAT (9-OFF.I, MOD( K+OFF*K1 *32) .1)
4 CONTINUE

ASUM-NRSUM+CHANGE

CHANGE0. 0 iFIND NEW NEXT ROW SUM
DO 5 I-0.MASKSZ-1

CHANGE-CHANEINMAT(9-OFF+I. MOD (K-OFF.Kl, 32).1)
5 CONTINUE

NRSUM-ASUM-CHANGE

FCOLSM-0.O INITIALIZE FCOLSM
tDO 6 I-O.MASKSZ-1

* FCOLSM-FCOLSM.INMAT(9.OFF, MOD(K-OFF+I+K1. 32) +1)
- 6 CONTINUE

*DO 10 J-9, 120 iCOLUMN COUNT

CHANGEwO. 0 .FIND NEW MATRIX SUM AND AVERAGE
DO 7 laO. MASKSZ-1

CHANGE-CHANGE+INMAT(J+OFF. MOD(K-OFFeI+KI. 32)+1)
7 CONTINUE

ASUY'-ASUM4'CHAN0E-FCOLSM
AVG-ASUM/MASKSZ**2

FCOLSPI-O.O FIND NEW FIRST COLUMN SUM
DO 8 I-Op MASKSZ-1

FCOLSPI-FCO)L9.IINMAT(J-OFF, MOD(K-OFF+I+Kl. 32).1)
a CONTINUE

DSUM-0.0 FIND NEW DEVIATION
DO 9 limO. MASKSZ-1

Do 9 12m0,MASKSZ-1
DSUM-DSUM+( INMAT(.J-GF+-11,MGD(K-OFF+12+KI. 32)41 )-AVQ)**2

9 CONTINUE
DEV-SGAT( DUUUVMAKSZ*2)

OUTMAT(J. K)-AVQePCT*DEV

10 CONTINUE

RETURN

END
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.*. SUBROUTINE LOCONJ(FILEI. FILE2. FILES. FILE4. FILE5. INMAr. OUTMAT)

INTEGER FILEl. FILE2. FILE3. FILE4. FILE5
REAL INMAT(129.32).OUTMAT(129, 16)

DO I K-1,.16 aZERO FIRST/LAST 16 ROWS
DO 1 Jinl.129

OUThAT(J. K)iO. 0
I CONTINUE

CALL WRLK(FILE5. 0. UThAT. 16. lER)
CALL CHECK(IER)
CALL WROLK(FILE5* 112,OUTMAT, 16. ZER)

* CALL CHECK(IER)

DO 5 11-1.6 ; COUNTER FOR 4K BUFFER OUTPUT

DO 4 12-0. 1 ;COUNTER FOR 2A BUFFER INPUT

CALL RDDLK(FILEls16.I1+S.12.INIATC1.1).9.IER) READ 8 ROWS
CALL CHECK(IER)
CALL RDBLK(FILE2,16*11.9*12,INMATC1,9),S.IER) ;READS8 ROWS
CALL CHECK(IER)
CALL RDBLK(FILE3.16*t1.9.12.INMATCI,17),9.IER) *READ 8 ROWS

4 ~CALL CHECK(IER)
CALL RD3LK(FILE4. 16*11,9.12, INMAT(1.25).S. ZEN) aREAD 8 ROWS
CALL CHECK( ZER)

~{DO 4 X-I.8 ; COUNTER FOR OUTPUT BUFFER ROWS

DO 3 J-1j7, 112 i APPLY CONJUNCTIVE THRESHOLD TEST

IF(INMAT(.JK). OT. INMAT(J,K.9). AND.
ZNM4AT(J.K4I6).QT.1NMAT~.K'24))GO TO 2
OUTMAT(J.KeS*I2)-0. 0
GO TO 3

2 OUTMAT(.J.K+U*12)-15.O
3 CONTINUE

I~eDO 4 J3-1, 16 ;ZERO THE PERIMETER
OUTNAT(J. K+9*12)O. 0
OUThAT(J+112. K+8*12)-O. 0

4 CONT INUE

CALL WRDLK(FILE5,16*I11OUTMAT,16.IER) WRITE 16 ROWS
CALL CHECK(IER)

5 CONTINUE

DO & K-1l.2 ZERO THE PERIMETER
DO 6 J-1& 128

OUThAT(We 1)-0. 0
6 CONTINUE

CALL IJR3LK(PILES. 14.OUThAT. 2.lER)
CALL CHECK(IER)
CALL WR2L(FILES. 110,OUThAT.2. KEN)

* CALL CHECA( KEN)

TYPE"LOCAL CONJUNCTIVE THRESHOLD ING DOWl"

RETURN
* ENID
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C PROGRAM HAM31 (SPATIAL CLUSTER RECOGNITION ALGORITHM)

INTEGER MAIN(7). IFLNM(7),F2(7),F3(7),MS(2).SE(2).S2(2),S3(2)
REAL INMAT(128. 32),OUTMAT(128. 16).PCT. OMEN, OMAX

CALL IOF(1.MAIN. IFLNMF2F3.MS,Sl.S2,S3)

CALL OPEN(1. IFLNM. I. ER)
CALL CHECIK(IER)
CALL OPEN(2. "ENNC. IR"-2. ER)
CALL CHECIK(IER)
CALL OPEN(3. "NTHR. THw.2. ER)
CALL CHECA(IER)
CALL OPEN(4. "NTHR. ZR".3. XER)
CALL CHECK(IER)
CALL OPEN(5. "EDGE. IR",2, ZER)
CALL CHECK(IER)
CALL OPEN(6. "DTHR. TM".2. ZER)
CALL CHECSK(IER)
CALL OPEN(7. "DTHR. ZR".3. JER)
CALL CHECI4(IER)
CALL OPEN(S#"CTHR.IR".2&IER)
CALL CHECM4(IER)
CALL OPEN(9. "CONN. ZR". 2.IER)
CALL CHECK(IER)

C ENHANCED IMAGE IS FORMED FROM ORIGINAL IMAGE

CALL NHANCECI.2. INMAT.OUTMAT)

MASSZ-7
PCT1. 0

-' DMINIOO0.0
DMiAXISO0. 0

CALL LOTNRS(2. 3,.MASKSZ. PCT. DMIN. OMAX. INMAT. OUTMAT)

C EDGED IMAGE IS FORMED FROM ORIGINAL IMAGE

CALL EGIMA(Io,.IIHAT.OU)TMAT)

DMAX1.0

CALL LOTNRS(5. 4.7. MAS&KSZ.PCT. OMEN. MAX INMiAT. OUTMAT)

C EDGED IMAGE IS REDUCED BY CONJIUNCTIVE THRESHOLDING

CALL LOCGt4.J(2. 3. 5. he.6o INMAT. OUTMAT)

*C EDGED IMAGE IS REDUCED BY CONNECTEDNESS TEST

CALL CONNEC (39. ,INMAT. OUThAT)

CALL RESET
STOP" (7X7><7><7>HAM31"
END

D-16
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SUBROUTINE LOTHRSC INILE. OFILEI. OFILE2. MASKSZ. PCT, DMIN. OMAX.
* INIIAT,OUTMAT)

INTEGER INFILE. OFILEI. OFILE2. MASKSZ. TOGGLE. OFF
REAL PCT, DIIN. DMAX. INMAT( 129, 32). OUTMATC 1293.14).*MSUM. NRSUM. CHANGE

DO 1 K-1,61s FILL FIRST AND LAST 8 ROWS OF

DO I J1# 129 THRESHOILD IMAGE WITH CONSTANT

CALL WRLK(OFILEI*O.OUTMAT.S.IER)
CALL CHECK(IER)
CALL WRLK(OFILEI. 120. OUTMAT. 9. IER)
CALL CHECK(IER)

CALL RDBLK(INFILE.0.INIAT,32.IER) ;READ IN FIRST 32 ROWS
CALL CHECK(IER)

OFF-(MASKSZ-l )/2
MSU'In. 0
DO 2 K0.MASKSZ-1 INITIALIZE AVERAGING VARIABLES

DO 2 40.,MASKSZ-l
MSUM-MSUI*I NMAT (9-OFF+J. 9-OFF.K)

V 2 CONTINUE
CHANGE-0
DO 3 J-O.MASKSZ-1
*CHANGE-CHANE+XNlAT(9-OFF.J. 9+OFF)

*3 CONTINUE
NRSUM-M'SUM-CHANGE
TOGGLE-O ; FLAG TO SHOW BUFFER WRAP-AROUND

DO 4 K-i.1 ;b COMPUTE THRESHOLD FOR FIRST l6 ROWS (4K)
CALL THROW2(K. MASKSZ. TOGGLE.NRSUM. PCT, DMIN. DfAX. INfAT, OUThAT)

4 CONTINUE
CALL WRL(OFILEI.U.OUTMATlb.IER) ; WRITE RESULTS
CALL CHECK(IER)

TOGGLE-I
DO 7 1-2. 7 1 COUNTER FOR 4K BUFFER LOADS

CALL RDBLK(INFILE, 16oI, INMAT(i. i7-b*TOGGLE)v 16, IER)
CALL CHECK(IER) ; READ IN NEXT 16 ROWS

DO 5 K-1,1 ;b COUNTER FOR OUTPUT BUFFER ROWS
CALL THROW2(K. MASKSZ. TOGGLE. NRSUM, PCT. DMIN. DNAX,

5 ONIU INMAT. OUTMAT)

CALL WRBLM(OFILEi,1b41I-S.OUTMAT.ib,IER) WRITE lb ROWS
CALL CHECK(IER)

IF(TOGGLE.EQ.I)GO TO b
TOGGLE-i TOGGLE THE BUFFER WRAP-AROUND FLAG
0O TO 7

6 TOOGLE-O
7 CONTINUE

DO 9 1-0.7 aFORM THRESHOLDED IMAGE

CALL RDBLK4(OFILEi. 141, INMAT, .IER)
CALL CHECK( IE)
CALL RDDLA(INFILE. lb.I. OUTMAT. 16. IER)

D-17



-. 7 - .: 7 -. ~*~~ - .-

CALL CHECA(IER)PG

DO 8 K-1, 16
DO 8 .J-1, 128

IF(OUTMAT(J.K).LE. !NMAT(J,IK))OUTMAT(JKmOO
a CONTINUE

CALL WR3L)4(OFILE2, 16*1.OUTMAT. lb. ER)
CALL CHECM(IER)

9 CONTINUE

TYPE"THRESHOLD MATRIX COMPLETE"
RETURN
END
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~A-. -. >. SUBROUTINE THROW2CK. MASKSZ, TOGGLE. NRSUM, PCT. OMIN. OMAX,
+ INMAT,OUTMAT)

INTEGER K. MASKS Z, TOGGLE. OFF
REAL NRSUM.PCTDMIN.DIAX. INMIAT(12S. 32). OUTMAT(128. L&)
REAL FCOLSM. CW4GQE.ASUM. AVG. OSUM. 0EV

IF(TOGGLE.EG.1loo TO I ;INITIALIZE INDEXING VARIABLES

GO TO 2
1 KI-23
2 CONTINUE
OFF-mAsKsz-1 )/2

43 DO 3 Jn1,8 i FILL FIRST/LAST EIGHT PIXELS WITH CONSTANT
OUTMAT(J. 10..
OUTFAT(J.120.K)-l. 0

3 CONTINUE

CHANGE-0.0 FIND NEW MATRIX sum
DO 4 10.1MASKSZ-1

CHANGE-CHANOEXNMlAT(9-OF+I. MOD(K'OFF4+1. 32).1)
4 CONTINUE

ASUMYNRSUM*CHANGE

CHANGE0. 0 ;FIND NEW NEXT ROW SUM
DO 5 10.,MAUKSZ-I

~- * CHANE-CHANEINAT(9-OFFI, MO(K-OFF.K1. 32).1)
.1.5 CONTINUE

NRSUMASUm-CHANGE

FCOLSlIO.O INITIALIZE FCOLSM
DO & 1-O.MASKSZ-1

FCLS-71LM INA (9O K OD K-FF1I4+KI1 32) * I
& CONTINUE

DO 10 Jw9,120 ;COLUMN COUNT

-~CHANGE-O. 0 FIND NEW MATRIX SUM AND AVERAGE
%.j. DO 7 I-O.MASKSZ-1

CHANGE-CHANGE I NMAT ( JOFF. MOD (K-OFF+ I+K 1. 32) + I
7 CONTINUE

- J ASUM-ASUM4CHANGE-FCOLSM
AVG-ASUM/MASKSZ**2

AFCOLS-0.0 ; FIND NEW FIRST COLUMN SUM
a DO S 1.0. MASKSZ-1

FCOLUM-FCOLSMINMAT(J-OFF. MOD(K-OWFFI+4. 32)+1)
a CONTINUE

DSUM-O.O FIND NEW DEVIATION
DO 9 11.0*MASKSZ-I

DO 9 12.0. MASKBZ-1
DSUMq-0SUm ( I AT (.J-OF* 11. MOD (K-OFF, 12+K 1. 32) 1 -AVG) *2

'U i 9 CONTINUE
DEV-SGRT ( DIUM/MASKSZ*2)

- -. DEV-DEV*PCT sMODIFY DEVIATION
IF(DEV.LT. WIIN)DEV-DfIIN
IF(DEV. OT. OMAX )DEV-DMAX

-: WUTMAT (J. IU-AVO.DEV

10 CONTINUE

'U *.RETURN

'U *%*.%END

D- 19



C PROGRAM HAM4I (SPATIAL CLUSTER RECOGNITION ALGORITHM)

INTEGER MAIN(7), IFLNM(7),F2(7).F3(7)sMS(2).S1(2),S2(2),S3(2)

REAL INMAT(125,32).ENHMAT(128. 16).PCTDMIN.DMAX

CALL IOP(I .MAIN. IFLNM, P2. 3. MS. 91.92.3)

CALL OPEN~. IPLNM. 1. ER)
CALL CHECKIER)

*CALL OPEN(2.*ENHC.IR,2#IER)
CALL CMECK(IER)
CALL OPEN(3."NTHR. IR", 2aIER)
CALL CHECKI~(ER)
CALL OPEN(4. "CONlN. IR%#2.IER)
CALL CHECK(IER)

-C ENHANCED IMAGE FORMED FROM ORIGINAL IMAGE

CALL NI4ANCE( 1.2. INMAT, ENHMAT)

C LOCAL THRESHOLDS COMPUTED FOR ENHANCED IMAGE
C AND ENHANCED IMAGE LOCAL THRESHOLDED

14ASKSZ-7
PCT-O. 75
DMIN-1OG. 0
DMAX-1OOOOO. 0

CALL NTHRSH(2. 3.MASMSZ. PCT. OMIN. OMAX. INMAT. ENHMAT)

C THRESHOLOED IMAGE IS REDUCED BY CONNECTEDW4SS, TEST

4, CALL C ONEC (3, 4. 1INMAT. ENNMAT)

CALL RESET
STOP"<7)<7)<77HAM 1w
END
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SQ3qC0UTINE NTmAS9kENHFlL-NIRFL, MASKSZ, PCT, DMIN, DMAX, INMArENHMAT)

* INTEGER ENHFIL.NIRFIL,MASKSZ
REAL PCT. DMIN.DMAX, INMAT(128. 32).ENHMAT(128. i6)
INTEGER OFF, TOGGLE
REAL MSUM. NRPISUM, CHANGE

CALL RDBLK (ENHIL.8So INEIAT32, ZER) ;READ IN FIRST 32 ROWS
CALL CHECKCIER) ;OF ENHANCED IMAGE

OFFin(MASKSZ-1 )/2
MSUM-o. 0
DO 1 K-O.MAUKSZ-1 iINITIALIZE AVERAGING VARIABLES

DO 9 Jin0MASKSZ-1
CHANGECHANGEINMAT( 17-OFFJ. 9OFF)

2 CONTINUE

NAMSUII-MSUM-CHANGE

TOGGLE-O ; FLAG TO SHOW BUFFER WRAP-AROUND

DO 3 K-1I1 l ; THRESHOLD FIRST lb ROWS
CALL NTROWI (K, MASKSZ, TOGGLE, NRMSUFI. PCT. DMIN. DMAX, INMAT, ENHMAT)

3 CONTINUE

VCALL WRL (NIRFIL, 16*ENHMAT,16, IER) ;WRITE RESULTS
* * CALL CHECK(IER)

* *'~TOGGLE1

DO 6 1-2,6 4 TH4RESHOLD ENHANCED IMAGE

CALL ROILK(ENHFIL. 16*1+6. INMAT(l. 17-140TOGGLE). P 16 IER)
CALL CHECK(IER) ; READ IN NEXT 16 ROWS

DO 4 K-1,16b COUNTER FOR OUTPUT BUFFER ROWS
CALL NTROWI (K. MASKSZ, TOGGLE, NRMSUM. PCT, DMIN, DMAX.

+ INHAT.ENHMAT)
4 CONTINUE

CALL WRBLK(NIRFIL. IboI.ENHMAT,1lb. EN) iWRITE 1b ROWS

lo CALL CHECK(IER)

IF(TOGGLE.EQ.1)GO TO 5
TOGGLE-I TOGGLE THE BUFFER WRAP-AROUND FLAG

5 TOGGLE-0

6 CONTINUE

DO 7 K-1I1 lb ZERO FILL FIRST/LAST 18 ROWS
DO 7 J-1, 128

EINT J, K) -0. 0
7 CONTINUE

CALL WRBLK(NIRFILs 0*EN4MAT, l6, ZER)
CALL CHECK( 113)
CALL WRLK(NIRFIL. 14.ENHNAT.2. IER)
CALL CHECK(IElf)
CALL WRlLK(NIRFIL. llO.EIMAT.2. IER)
CALL CHECK(IER)
CALL WR3LJK(NIRFIL. 112o ENHflAT, 16. IER)
CALL CHECK(IER)

TYPE"THRESHOLDED ENHANCED IMAGE COMPLETE"
RETURN

*~. END
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SUBROUTINE NTROW1(KMASKSZ. TOGGLE, NRSUM. PCT, OMIN. DMAX,
+ INMATOUTMAT)

INTEGER K. MASKSZ, TOGGLE. OFF
REAL NRSUM.PCT, DMIN. OMAX. INMAT(129. 32). OUTMAT(128. 16)
REAL FCOLSM, CHANGE. ASUM. AVG. OSUM. DEV

IF(TOGOLE.EQ.1)GO TO 1 1INITIALIZE INDEXING VARIABLES
K 1-7
GO TO 2

1 KI-23
2 CONTINUE

OFF-(MASK4SZ-l)/2

0O 3 J1-1, 16 ;FILL FIRST/LAST 16 PIXELS WITH ZERO
OUTMAT(J. K)-O. 0
OUTMATCJ+112. K)-0. 0

3 CONTINUE

CHANGEO0.O FIND NEW MATRIX SUM
DO 4 I-0,MASKSZ-1

CHANGE-CHANGE+INIAT( 17-OFF.I. MOD(K.OFF+KI. 32)+1)
4 CONTINUE
ASUM-NRSUN+CHANGE

CHANGE-O. 0 FIND NEW NEXT RaW SUM
DO 5 laO. MASKSZ-1

CHANOE-CHANGE.INMAT( 17-OFF+I. MOD(K-OFF+K1. 32)+1)
5 CONTINUE

NRSUM-ASUM-CHANGE

FCOLSM-O.O INITIALIZE FCOLSM
DO 6 I-O,MASKSZ-1

FCOLSI'-FCOLSM.INMAT( 17+OFF. MOD(K-OFF+I+K1. 32).1)
6 CONTINUE

DO 10 J-n17, 112 ;COLUMN COUNT

CHANGE. 0 aFIND NEW MATRIX SUM AND AVERAGE
DO 7 laO. MASKSZ-1

CHANECHANGE.INMAT(J.OFF. MOD(K-OFFI.KI. 32)+1)
7 CONTINUE

ASUM-ASUM+CHANGE-FCOLSMAk=U/AKZ*
FCOLSN-O.O aFIND NEW FIRST COLUMN SUM

od DO 8 I-OmNASKSZ-1
FCOLS"inFCO)LSflINNATCJ--OFF. MOD(K-OFF.I+KI. 32).1)

S CONTINUE

DSUP-O.O FIND NEW DEVIATION
DO 9 11aOMASKSZ-1

DO 9 12-0,MASKSZ-1
DSUN-DSUM*IADS( INMAT(J-OFF.I1. MO)D(K-OFF.I24K1. 32).1 )-AVO)

9 CONTINUE
DEV-aOUUM/KASMSZ*42

DEV=DEVi'PCT aMODIFY DEVIATION
IF(DEV.LTDMIN)DEV-DMIN

OUTMAT(J. 0-0.O 0 THRESHOLD RULE
IF( INMAT(J. MOD(K4KI. 32)*I). OT. (AV0.DEV1)OCUTNAT(J. K)inS. 0

10 CONTINUE

* RETURN

END

0-22
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Edge extraction is an image processing technique for defining

the edge inforuation in an image. This effort researches different

edging processes as applied to preprocessing for two pattern

recognition processes. The ftrst one is a cross-correlation method

to find a target given that the target has a known size, orientation,

and aspect. Correlation is performed in the spatial frequency domain

with two-dimensional fast Fourier transforms of the searched edge

image and a hand drawn edge template to correct for translation only.

The second pattern recognition process researched also uses

edging as one step of a purely spatial domain algorithm. The

approach locates targets in fnfrared images that can be described

a "hot" clusters. A cluster recognition algorithm by Hamadani is

implemented and altered for testing of local thresholding and

thresholding rules. The algorithm Is shown to be effective on

real infrared images provided by the thesis sponsor, the Air Force

Armament Laboratory at Eglin AFB, Florida.
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